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(See also: Enzymology: P495; Group Dynamics: P466; Hematology: P474; 
Operat i ona I Medic i ne: P470) 
PAPERS: 
P480( 11/87)* Berezovskiy VA, Serebrovskaya TV, lvashkevich AA. 
Individual differences in huaran adaptation to high altitudes. 
Kosmicheskaya B io log i ya  I Aviakosmlcheskaya Meditsina. 
[18 references; 5 In  Engl ish]  
21(1): 34-37;.1987. 
Cardiovascular and Respiratory Systems, Gas Exchange, Venti lat ion, Hypoxia 
To1 erance; Hematol ogy, B 1 ood B i ochem i stry; Human Performance, Physical 
Work Capacity 
Humans, Mal es, Ind i v  i dual D i  f ferences 
Adaptation, High A I  t i tude,  Hypoxia 
Abstract: Subjects i n  t h i s  study were two groups of  healthy young men who 
had always l i ved  a t  sea level. The f i r s t  group contained 24 men (mean age 
19.6) who spent a year working under condit ions where p02=120 mm Hg 
( a l t i t u d e  1680 m); group 2 contained 17 men (average age 20.5) who spent 
t h e  same per iod i n  an environment where p02=90 mm Hg ( a l t i t u d e  3650 m). 
Studies were made i n  the  morning on an empty stomach. Ve and gas 
exchange parameters were measured a t  rest. S e n s i t i v i t y  t o  hypoxia was 
determined by having subjects  rebreath a i r  i n t o  a spirometer w i th  the  t e s t  
being terminated when verbal contact was lost. The PWC,7f t e s t  was used t o  
determine physical work capacity and V O  max. A r t e r i a l i z e  blood was taken 
from a f lnger a t  r e s t  and i n  the  f i r s t  3 5  seconds o f  graded physical 
a c t i v i t y .  Blood pH was a lso determined, as were concentrat ions o f  l a c t i c  
acid, and pyruvate. Although the  a l t i t u d e  a t  which t e s t i n g  occurred i s  no t  
specif ied, apparently each group was tested a t  t he  a l t i t u d e  t o  which 
adaptat ion had occurred. 
Results showed s i g n i f i c a n t  di f ferences between phys io log ica l  and 
biochemical parameters of t he  2 groups. Minute volume was higher i n  group 2 
than i n  group 1, pr lmar i l y  because of dif ferences i n  resp i ra to ry  vol ume. 
Group 2 showed a higher propor t ion of a lveolar  v e n t i l a t i o n  i n  the  ove ra l l  
pulmonary v e n t i l a t i o n  volume and was more sens i t i ve  t o  hypoxia. Systol IC 
blood pressure was somewhat higher i n  group 2 than i n  group 1. Oxygen 
in take and carbon d iox ide output were lower i n  group 2 than group 1. 
Concentration o f  l a c t i c  ac id  was 47% higher i n  group 2 than i n  group 1, bu t  
t he re  were no d i f ferences i n  pyruvate concentration. 
l a c t a t e  t o  pyruvate i n  group 2 t e s t i f i e s  t o  i n t e n s i f i e d  anaerobic processes 
a t  P02=90 mm Hg. In addition, group 2 displayed a greater d e f i c i t  i n  bu f fe r  
bases and decreased concentrat ion o f  bicarbonates i n  blood, suggesting t h e  
development o f  metabol ic acidosis. However, no changes i n  blood pH were 
The higher r a t i o  o f  
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seen. Group 2 showed a decrease in physical work capacity and VOzmax 
compared to group 1 ,  and a greater increase in acidosis in response to 
exercise. When individual differences were examined, it was found that 
subjects who displayed the highest rate of anaerobic metabolism under 
hypoxia at rest differed from those with lower lactate/pyruvate ratios 
(LA/PA) in a number of functional parameters. To corroborate this 
statistically, subjects were divided into 3 groups on the basis of the 
value of this ratio. Analysis showed that individuals with the highest 
glycolysis rate were less sensitive to hypoxia, and had depressed physical 
work capacity. 
greater increases in LA/PA and greater acidosis in the blood. These results 
are interpreted as showing that a year’s stay in an environment were 
p,02=90 mm Hg leads to marked adaptive changes in regulation of respiration 
and gas exchange, as well as changes in biochemical parameters of the 
b 1 ocd. Sens it i v i ty of the resp i ratory center to hypox i a i ncreases. 
adaptive changes do not fully compensate for chronic hypoxia, signs of 
secondary tissue hypoxia can be found, and work capacity is diminished. It 
has also been demonstrated that healthy people of the same sex and age 
differ in adaptation to hypoxic hypoxia. Some develop powerful compensatory 
reactions, causing ventilation sensitivity to hypoxia, and increasing 
pu 1 monary and c i rcu I atory vent i I at i on. As a resu I t, concentrat ion of 
lactic acid in the blood increases insignificantly and physical work 
capacity remains high. However, these same individuals show reduced 
tolerance for limit values of p 
air during rebreathing is raise? On the other hand, those who show hish 
levels of anaerobic glycolysis, with high MA/PA ratios, decreased 
ventilatory sensitivity to hypoxia, and depressed physical work capacity, 
are more tolerant of very low values of p02 in the air they breath. 
Table: Biochemical parameters of blood at rest and during gradated physical 
exercise after 1 year’s exposure to hypoxia 
In response to exercise these subjects tended to show 
Si nce 
and the terminal value of pO2 in alveolar 
Figure: Physiological and biochemical parameters of subjects with depressed 
and increased levels of anaerobic glycolysis under conditions of chronic 
hypoxia 
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P497(11/87) Serebrovskaya TV, Dubrovskaya TG. 
Responses of the respiratory system t o  hypoxic and hypercapnic st imul i  in  
humans adapted t o  high alt i tudes. 
F i z i o l o g i y a  Cheloveka. 
13(1): 58-63; 1987. 
[33 references; 15 i n  Engl ish] 
Authors' a f f  i I  ia t ion:  A.A. Bogomolets I n s t i t u t e  of Physiology, Ukrainian 
Academy of Sciences, Kiev. 
Card iovascu 1 a r  and Resp i r a t o r y  Systems, Gas Exchange, Vent i I a t  ion, Hypoxi a 
and Hypercapnia Tolerance; Hematology, Blood Biochemistry; Human 
Performance, Phys i ca 1 Work Capacity 
Humans, Males 
Adaptation, High A l t i tude ,  Hypoxia 
Abstract: Th is  paper concerns t h e  same study and data as t h e  preceding 
abs t rac t  (P480). However, data from a sea-level cont ro l  group i s  included, 
emphasis i s  on group ra ther  than indiv idual  d i f ferences and greater  focus 
i s  placed on t h e  hypoxia and hypercapnia data. Group 1 (n=17) i s  the sea- 
leve l  control;' group 2 (n=24) t h e  group accl imated t o  moderately high 
a l t i t u d e  (1680 111) f o r  1 year; and group 3 t o  high a l t i t u d e  (3650 m) f o r  t h e  
same period. Most parameters measured and measurement procedures are  t h e  
same as i n  P480. A procedure no t  emphasized i n  the previous a r t i c l e  
i nvol ves exam i n  i ng response t o  hypercapnia Th i s was measured by 
rebreath ing w i t h  an i n i t i a l  gas mix tu re  w i t h  40% O2 i n  n i t rogen a t  sea 
level  and 70% O2 a t  h igh a l t i tudes.  Pi02 a t  t h e  end of t h e  t e s t  f o r  
hypercapnia was about 20% a t  sea level  and 50% a t  high a l t i t u d e .  The t e s t  
continued f o r  3-4 minutes u n t i l  subjects experienced symptoms o f  d istress.  
Group d i f ferences i n  parameters of gas exchange and vent i l a t i o n  for t h e  3 
groups a re  very regu 1 ar, w i t h  group 2 cons i s ten t  I y bei  ng i ntermed i a te  i n 
parameter value between group 1 and group 3. 
associated w i t h  decreased p a r t i a l  C02 and O2 pressure, increased 
resp i ra to ry  minute vol  ume, decreased oxygen and C02 consumption, and 
increase i n  t h e  r a t i o  of a lveolar  v e n t i l a t i o n  t o  t o t a l  volume o f  pulmonary 
vent i la t ion .  ReactIon t o  hypoxic stimuli was assessed on t h e  bas is  of t h e  
fo l l ow ing  parameters: i n i t i a l  values o f  p a r t i a l  oxygen pressure and minute 
volume, and slope of the curve o f  
Values Of V E  and P A O ~  a t  the  curve's i n f l e c t i o n  point, and slope of t h e  
curve i n  the second phase of reaction; value of PA02 and maximum 
v e n t i l a t i o n  a t  t h e  p o i n t  of loss of  consciousness; analogous measures were 
used t o  evaluate response t o  hypercapnia. Rate of hypercapnia development 
i n  t h e  f i r s t  phase of t h e  reac t ion  was no d i f f e r e n t  f o r  groups 1 and 2, bu t  
was f a s t e r  f o r  group 3. Di f ferences among groups were grea ter  i n  the 
second phase of reaction. The higher the a l t i t u d e  a subject  was accl imated 
to, t h e  lower the po2 a t  which loss of consciousness occurred. 
Table: Parameters of  v e n t i l a t i o n  and gas exchange i n  subjects l l v i n g  a t  sea 
level ,  moderately high, and very high elevat ions 
Increasing a l t i t u d e  was 
VE/ P ~ 0 2  i n  phase 1 of t h e  reaction; 
F igure 1: Vent i la to ry  response t o  hypoxic and hypercapnic s t i m u l  i a f t e r  
adaptat ion t o  high a l t i t u d e s  
F igure 2: Level of physical work capacity and biochemical blood parameters 
o f  i nd i v idua ls  w i t h  high and low s e n s i t i v i t y  t o  hypoxia 
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M105(11/87) Gazenko OG, Meyerson FZ, e t  al., ed i to rs .  
F iz io log iya  adaptsionnykh protsessov. 
[The physiology of adaptive processes. A physiology handbook.] 
Moscow: Nauka; 1986. 
E635 pages] 
A f f i l i a t i o n :  Book: S c i e n t i f i c  Committee on M u l t l d i s c i p l i n a r y  Problems i n  
Human and Animal Physiology, Physiology Division, USSR Academy o f  Sciences; 
Chief Editors: I n s t i t u t e  o f  Biomedical Problems, USSR M i n i s t r y  o f  Health 
Rukovodstvo PO f i z i o l o g i y a .  
KEY WORDS: Adaptation, Stress, Hypoxia, Physical Exercise, Cold, Heat, 
I n j ury; Psycho I ogy, Memory, Cond it i oned 
Cardiovascular and Respiratory Systems; Musculoskeletal System; Metabolism; 
Gastro in test ina l  System 
Responses; Operat I ona I Med i c i ne; 
Annotation: This  book summarizes r e s u l t s  o f  research on the  molecular, 
ce l l u la r ,  and systemic mechanisms underlying adaptation t o  the  environment, 
i.e., on the physiology o f  adaptive processes. It examines the  
general p r i nc ip les  o f  indiv idual /phenotypic adaptation t o  the environment. 
ind iv idual  chapters c i t e  the  r e s u l t s  o f  studies o f  t he  adapt ive process t o  
such environmental fac to rs  as physical exercise, hypoxia, high temperature, 
cold, nu t r i t i on ,  chemical environmental factors, etc. These discussions 
focus on fundamental mechanisms o f  adaptation t o  the  p a r t i c u l a r  fac to r  and 
on the  poss ib i l  i t y  of co r rec t i ng  disorders of environmental adaptation. 
CONTENTS 
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P496 ( 11/87)* Rudnyy NM, Bodrov VA. 
Current probl- i n  aviatlon physiology. 
Kosmicheskaya B io log i ya  i Aviakosmicheskaya Meditsina. 
[ 11 references; none i n  Engl ish] 
21(1):  4-11; 1987. 
Av iat ion Physiology, Review A r t i c l e  
Personnel Selection; Human Performance, P i l o t s  
Adaptation, Hypoxia, Acceleration; Psychology, Work-rest Schedules, 
Fatigue, Biofeedback, Pharmacological Countermeasures; Neurophysiology, 
Vest ibu lar  System; Perception, L i g h t  
Abstract: Th is  review a r t i c l e  i d e n t i f i e s  a number of  l i n e s  o f  research as 
important i n  present-day Soviet  av ia t i on  physiology. Av iat ion physiology 
research involves t h e  study o f  t he  compensatory and adaptive capaci t ies o f  
a p i l o t  o r  f l i g h t  crewmember, i d e n t i f i c a t i o n  o f  t he  d e t a i l s  o f  h i s  
adaptation t o  f l i g h t  factors, and development o f  means and methods t o  
p r o t e c t  him from the adverse e f f e c t s  of these factors. When h igh -a l t i t ude  
hypoxia i s  counteracted by breathing high pressure oxygen, the  c i r c u l a t o r y  
hypoxla which may develop can be minimized w i t h  special  compensatory 
c lothing. However, t h i s  c l o t h i n g  i s  uncomfortable and i n t e r f e r e s  w i t h  
working. One task o f  av ia t i on  physiology i s  t o  develop new ways o f  
p ro tec t i ng  against h igh -a l t i t ude  fac to rs  wh i l e  maintaining opt imal working 
condi t ions f o r  the crew. Another 1 ine o f  research re la ted  t o  hypoxia i s  
t he  
a l t i t u d e s  by condi t ion ing transport,  regulatory and energy-related 
mechanisms, o r  through use of drugs. The author a lso discusses the  I ine o f  
research invo lv ing study o f  the cumulative e f f e c t s  o f  high and prolonged 
acce I e r a t  i on, i nd i v i dua I d i f f erences i n acce I e r a t  i on to1 erance, and 
mechanisms which compensate f o r  the adverse e f f e c t s  o f  accelerat ion. More 
re1 i ab I e methods of pred i c t  i ng an i nd i v I dua 1's resistance t o  motion 
sickness must a lso be developed t o  f a c i  I i t a t e  d i f f e r e n t i a l  se lect ion o f  
f l i g h t  crews f o r  various types o f  av ia t ion du t i es  on the  bas is  o f  
vest  i bu I ar  funct ion i ng. 
p ro tec t i ng  against t he  e f fec ts  of high noise leve ls  on the  mechanoreceptors 
o f  various pa r t s  o f  the body, especia l ly  in  the  lungs and abdominal cavity. 
With regard t o  vision, important research e n t a i l s  study o f  cont rast  
s e n s i t i v i t y  t o  i i g h t  s igna ls  having various temporal and s p a t i a l  
parameters, mechanisms f o r  recept ion of b l i nd ing l y  b r i g h t  l i g h t s  and t h e  
search f o r  l i g h t  shields, and the perceptual cha rac te r i s t i cs  of c o l l i m a t o r  
displays. There i s  need t o  look a t  resu l t s  of simultaneous exposure t o  a 
number o f  adverse factors; i n  pa r t i cu la r ,  whether an adapt ive-protect ive 
response t o  one fac to r  enhances o r  in ter feres w i th  the  adapt ive responses 
t o  the  others. 
needs t o  f u r t h e r  improve methods f o r  i d e n t i f y i n g  hidden pathology or 
funct ional  d isorders which are i n im ica l  t o  f l i g h t  safety, as wel l  as t o  
develop methods o f  evaluat ing the s t a t e  of r e l a t i v e l y  s tab le  and 
occupational l y  s i g n i f i c a n t  functions. 
l a t e r a l i z a t i o n  o f  funct ions t o  f l i g h t  performance i s  judged p a r t i c u l a r l y  
i m por t an t . 
study o f  processes t h a t  accelerate adaptation t o  moderately high 
More research must be done on i dent i f y  I ng and 
With regard t o  p i l o t  selection, Soviet  a v i a t i o n  physiology 
Study of  the r e l a t i o n  o f  
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With regard t o  psychological functions, t he  author emphasizes the  need t o  
understand the mechanism through which memory t races are consol ldated, as 
we1 I as t o  fu r the r  study the  r o l e  o f  feedback i n  the  development of f l  i g h t  
s k i l l s .  Another important research area involves work d i rected a t  f i n d i n s  
the optimal level o f  workload f o r  f l i g h t  crews, where loads which are t o o  
l i g h t  may not be conducive t o  optimum sk i1 I acquis i t ion,  and those which 
are too heavy may lead t o  exhaustion. Schedules of work and r e s t  are a lso 
of great concern; o f  p a r t i c u l a r  i n t e r e s t  i s  I nves t i ga t i on  o f  the dynamics 
o f  recovery a f t e r  a f l i g h t  s h i f t .  I t  has been establ ished t h a t  t he  course 
of  recovery i s  q u i t e  d i f f e r e n t  a f t e r  a day f l i g h t  than a f t e r  a n i g h t  
f l i g h t .  One of the most important tasks o f  a v i a t i o n  physiology i s  t o  
develop ways and means t o  contro l  funct ional  state. Work here Takes two 
basic direct ions. 
and psychology t o  the design o f  p i l o t  working conditions. The second 
d i rec t i on  involves operat ing d i r e c t l y  on t h e  p i l o t  himself,  inc lud ing 
indiv idual  ized f l  i g h t  schedules, psychosomatic regu la t i on  (biofeedback), 
and drugs. Some o f  these, e.g., t he  e f f e c t s  o f  s t i m u l a t i o n  o f  b i o l o g i c a l l y  
a c t i v e  po in ts  on the skin, or of the neuromuscular system, r e q u i r e  
intensive fu r the r  study. So-called f l i g h t  f a t i gue  i s  another research 
target, which requires study o f  parameters i n d i c a t i v e  o f  s ta tus i n  3 areas: 
professional, functional, and reserve capaci t ies o f  a p i  lo t .  I n  general, 
av ia t ion physiology requi res a be t te r  understanding o f  the 
i n te r re la t i onsh ip  between physiological  funct ions and psychological 
processes. 
The f i r s t  of  these e n t a i l s  apply ing knowledge physiology 
BIOLOGICAL RHYTHMS: See Biospherics: BR11; Microbiology: P106; 
Operat i ona 1 Med i c i ne: CR5 
BIOSPHERICS 
(See also: N u t r i t i o n :  P475; Operational Medicien: CR5) 
BOOK REVIEM: 
BRll(11/87)Review o f  Sidyakin VG, Temurlyants NA, Makeyev VB, Vlad imirsk iy  BM. 
Kosmicheskaya Ekologiya [Space Ecology]. 
Kiev: Nauk. dumka: 1985. See Digest Issue #5: M58. 
Reviewed by Kholodov YuA, Lebedeva NN. 
In: Uspekhi F iz io log ichesk ikh Nauk. 
18( 1 I :  120-122; 1987. 
KEY WORDS: BiOSpheriCS, Solar Ac t i v i t y ;  Radiobiology, Geomagnetic Fields; 
Cardiovascular and Respiratory Systems; Neurophysiology; Hematology; 
B I ol  og i ca I Rhythms; Operat i ona I Med i c i ne, Ep i dem i ol ogy 
The p o s s i b l i t y  t ha t  natural electromagnetic f i e l d s  may a f f e c t  b io log i ca l  
subjects i s  an Issue whlch has no t  y e t  been resolved; an essent ia l  
p re requ is i t e  o f  i t s  reso lu t i on  i s  a m u l t i d i s c i p l  lnary approach. This 
requirement i s  r e f l e c t e d  i n  the  authorship o f  t h i s  book, which includes an 
ast rophys ic is t ,  a physician, and 2 b io log i s t s  who have worked together f o r  
a l  most 20 years research i ng comp I ex issues i nvol ved i n  mathematical 
electromagnetic biology. The Semferopoll school o f  e lectromagnet ic 
b i o l o g i s t s  grew out  o f  t he  many years of co l  labora t ive  research on t h e  p a r t  
o f  s p e c i a l i s t s  i n  a number o f  f ie lds.  The so lu t i on  of ecological problems 
i s  an important focus o f  t he  work o f  t h i s  school. 
This book, which i s  a piece o f  o r i g i n a l  research unique i n  the  Soviet  and 
in te rna t iona l  l i t e ra tu re ,  presents an analysis o f  a broad range o f  
in format lon c i t e d  i n  the  l i t e ra tu re ,  as well  as o f  experimental data 
obtained i n  recent years, a l  I of  which suggest t h a t  t he  concept o f  
env i ronment and, consequent l y  I.M. Sechenov's concept o f  organism, must 
i nc I ude space factors, p a r t  i cu 1 a r  1 y so 1 a r  factors. 
The work under revlew examines a va r ie t y  o f  physical phenomena 
demonstrating the  l i n k  between so lar  a c t i v i t y  and the  biosphere, as we l l  as 
the t h e o r e t i c a l l y  and exper imental ly supported concept o f  the  c r i t i c a l  r o l e  
o f  extremely low frequency electromagnetic f i e l d s  i n  t h e  r e a l i z a t i o n  o f  
t h a t  I Ink. 
This book consis ts  o f  a foreword, introduction, f i v e  chapters, a 
conclusion, two appendices and b i b 1  iography, inc lud ing  418 Soviet  and 121 
fo re ign  pub1 ications. 
exhaustive, the  r a t i o  of Soviet  t o  foreign references r e f l e c t s  the greater 
emphasis placed on t h e  study o f  space ecology i n  t h e  USSR The authors 
r i g h t l y  note the  seminal r o l e  of  the works o f  V.I. Vernadskiy, t he  founder 
of the  science o f  b iospher ics and o f  A. L. Chizhevskiyy, t he  founder o f  
he1 iobiology. 
The in t roduc t ion  provides a b r i e f  h is to ry  o f  t he  problems discussed i n  
the book, and does not  om i t  the  skeptical views o f  sc ien t is ts ,  past  and 
Although the  bib1 iography cannot be considered 
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present. 
throughout the book. 
The objective scient i f ic sty 1 e of the introduction is reta i ned 
The f i rst chapter, 501  ar act i v i ty and the env i ronment,I1 contai ns 
important information about solar activity. The reader is introduced to 
the major types of solar radiation -- electromagnetic (wave) and 
corpuscular, known as the solar wind; the sunls magnetic field, the active 
zones, and the effects of al I these factors on the Earth's magnetic field, 
and on changes in weather and cl imate. A summary table 1 isting the most 
ecologically important physical parameters affected by solar activity is 
given at the end of the chapter. This sort of systematic presentation is 
particularly useful for specialists in biology and medicine. It is 
interesting to compare the space factors with their anthropogenic 
analogues, especially in the area of electromagnetic pollution. 
The second chapter, IiEmpirical data on the effects of space factors on 
biospheric processes," reviews the 1 iterature relevant to the 1 ink between 
solar and magnetic activity and biological parameters. The review covers a 
broad spectrum of biospheric phenomena influenced by space factors: the 
state of certain physlcal-chemical systems, the vital activity of 
m icroorgan i sms and p I ants, and changes in the function] ng of various human 
systems and in susceptibil ity to disease. The nervous and circulatory 
systems are the most sensitive to solar activity. 
In the majority of cases, natural ly occurring disturbances of various 
environmental parameters have a complex etiology, with several components 
of solar activity varying simultaneously against the background of the 
usual changes in meteorological parameters (air pressure, humidity, wind 
speed and direction, and temperature). 
The link between geophysical phenomena and solar activity is the subject of 
the th i rd chapter, "The ecological rol e of env i ronmental parameters 
affected by solar activity.I' This chapter considers such factors as 
atmospheric ultrasound, fluctuations in the radioactivity of the 
atmosphere, ultraviolet radiation, and electric and electromagnetic fields. 
It is noted that weak ultrasound is an active biological factor. 
Although atmospheric radioactivity increases by a factor of 5 during 
electromagnetic storms, this is not a significant factor in the effects of 
solar activity on the biosphere. The effect of ultraviolet radiation on the 
occurrence of melanoma in humans is well known, as is the positive 
correlation between ultraviolet radiation and increase in the concentration 
of m i togenet i c substances i n the env i ronment. 
of th 1 s factor requ i res further research. 
The ecol og i cal s i gn i f i cance 
''--:-&;,.- i n  the &eet;icai C l - l r l  I C = r + h l c  nn+nn+ial 
v a t  i a i  iuii I I . 2 1 "  \L", I , ,  4 ~",", ' ,  I - .  grad!an+! 8s a 
function of solar activity has been insufficiently studied, although it is 
of we1 I-known ecological significance. 
electromagnetic field observed on the Earth's surface, ecological ly 
significant effects are most I ikely to be found in the extremely low 
frequency range, which contains the low frequency ionospheric "transparency 
window,Il where the field intensity is greatest and the differential between 
calm conditions and disturbances is quite large. 




The four th  chapter, IIExperimental invest igat ions o f  the  b io log i ca l  e f fec ts  
o f  weak extremely low frequency electromagnetic f i e l d s  i s  devoted mainly 
t o  the  authors' own work. The authors have conducted extensive mu l t i - f ac to r  
research concerning the b io log i ca l  e f fec ts  o f  electromagnetic f i e l d s  o f  
var ious frequencies, but especia l ly  o f  8 Hz, on rats, rabbits, and dogs. 
F i e l  d i ntens I t y  i n  these experiments exceeded t h a t  of natura l  d i sturbances 
by a fac to r  of-10-100, and dura t ion  o f  a s i n g l e  exposure was 3 hours. 
studied the e f f e c t s  of electromagnetic f i e l d s  on the  cardiovascular, 
nervous, and 
sol a r  a c t i v i t y .  
b l  ood systems, the  systems most sens it ive  t o  f 1 uctuat  ions 
I t  was establ ished t h a t  hear t  r a t e  decreases by lo%, amp1 i tude o f  P and 
waves decrease, and the R-R i n te rva l  increases, and a lso t h a t  the  magni 
o f  changes i ncreases w i t h  exposure duration. Changes i n  the  myocard i um 
showed up 2-3 days a f t e r  the beginning of  exposure. 
hey 
i n  
T 
u de 
E f fec ts  on blood I n  rabb i t s  involved changes i n  the  r a t i o s  o f  various types 
o f  leukocytes:. increasing lymphopenia accompanied by marked neutrophi l ia .  
I n  mature dogs such changes were v i r t u a l l y  absent, although they occurred 
i n  puppies. 
Exposure t o  electromagnet ic f i e l d s  led t o  changes i n  the  b i o e l e c t r i c  
a c t i v i t y  o f  the brain, d is rup t ions  o f  the format ion and mani festat ion o f  
condi t ioned re f lexes  and delayed reactions. The authors be l ieve  t h a t  t he  
basis for the  e f f e c t s  o f  electromagnetic f i e l d s  I ies i n  t h e i r  e f f e c t s  on 
regulatory  systems. 
I t  i s  demonstrated t h a t  b io log i ca l  e f fec ts  o f  electromagnetic f i e l d s  i n  
extremely low frequency ranges are a function o f  exact frequency. Thus, 
d i f f e r e n t  f i e l d  strength s e n s i t i v i t y  thresholds were noted f o r  d i f f e r e n t  
frequencies (0.02 Hz and 8 Hz); and the  responses o f  blood t o  these 
frequencies were opposite. 
The authors found t h a t  i s o l a t i o n  o f  mammals from environmental 
e lectromagnet ic f i e l d s  had adverse consequences. 
discuss the  mechanism under ly ing the  b io log ica l  e f fec ts  o f  e lectromagnet ic 
f ie lds ,  nor do they touch upon the  problems o f  blomagnetlsm, but I i m i t  
themselves t o  s t a t i n g  the  thes i s  t h a t  natural electromagnetic f i e l d s  p lay 
an important ecological role. 
Chapter f ive, t t S ~ I a r  a c t i v i t y  and b io log ica l  rhythms," examines 
synchronizat ion o f  b io log i ca l  rhythms of animals and communities o f  animals 
r e s u l t i n g  from c y c l i c  changes i n  environmental factors. 
Circadian rhythms are synchronized by diurnal changes i n  environmental 
factors, p a r t i c u l a r l y  l igh t .  For a w i d e  range o f  macrorhythms, connections 
have been found between rhythms i n  solar and geomagnetic a c t i v i t y  and 
c e r t a i n  biorhythms, inc lud ing rhythms i n  t he  course of c e r t a i n  diseases and 
the  occurrence o f  ep idem ics. 
per iods (frequencies) o f  microrhythms and c e r t a i n  well-known physical 
pe r iod i c  phenomena (human EKG -- Pc. l ? ?  geomagnetic pulsation, human EEG 
alpha waves and the  fundamental frequency of ionospheric wave guides, 
etc.). A synchronizing signal having a period o f  approximately a week was 
The authors do no t  
There i s  a surpr is ing s i  m i I a r  i t y  between the  
1 1  
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found to be widespread in the biosphere. The key factor here was shown to 
be the sector structure of the Interplanetary magnetic field, which has 
characteristic quasiperiods of 6-9 and 12-15 days. 
The conclusion of this book gives a descriptive model of the effects of 
variations in solar activity on the interplanetary magnetic field. These 
data will help readers compare the temporal characteristics of biologlcal 
processes w i th those of geophys i ca I phenomena. 
The book Is we1 i written, and contains 23 tab1 es and 59 figures. it is 
somew hat i rr i tat i ng that the t i t I e of tab I e 22 reads lab i omagnet i c" i nstead of 
aageomagneti c.l' 
(53-57) or do not include a cal ibrated scale. However, on the whole, the 
i 1 lustrative material is good. 
This work is a significant contribution to the development of 
electromagnetobiology. 
have been printed. 
Some f igures do not show the var i ance of exper [mental data 
Unfortunately, only 1000 copies of this timely work 
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(See also: Cardiovascular and Respiratory Systems P451; Developmental 
Biology: P482; Endocrinology: P477; Nu t r i t i on :  P475) 
PAPERS: 
P450( 11/87]" Sm i rnova TM, Kozyrevskaya GI, Lobach i k V I, Zh i dkov VV, 
Abros imov SV. 
Individual differences In fluid-electrolyte metabolism under exposure to a 
120-day period of hypokinesia with head-down tilt and the efficacy of 
prophy I act ic measures. 
Kosmicheskaya B io log i ya  i Aviakosmicheskaya Meditsina. 
[9 references; 1 i n  Engl ish] 
20(6): 21-24; 1986. 
Body Fluids, Metabolism, F lu id -E lec t ro ly te  Metabolism 
Humans, Males, Ind iv idual  Di f ferences 
Hypoki nesi a, Head-down T i  It; Countermeasures, Drugs; Musculoske 
System, Physical Exercise; Nu t r i t i on ,  Vitamin D 
e ta  I 
Abstract: Subjects i n  t h i s  experiment were 15 healthy males, aged 24-40, 
who were subjected t o  120 days o f  bed rest  w i t h  head-down ti 1 t o f  -5O. Four 
o f  the subjects (group 1) were given pharmacological countermeasures, 
i ncl ud i ng drugs t o  prevent disturbance of m i neral metaboi ism (xyd i phon, 
glucamac), t o  co r rec t  1 i p i d  metabolism and pancreat ic funct ion (sol ism, F- 
991, and t o  s t imu la te  hemopoiesis ( f o l  icobalamin). Four subjects (group 2) 
f o l  lowed an exercise regimen d i rected a t  preventing d is rup t ion  o f  the 
func t ion  o f  t he  ske le ta l  muscles and involv ing cont rac t ion  o f  these 
muscles. Four subjects (group 3) received both treatments, and the 
remaining th ree  (group 4) received no prophylact ic  measures. Subjects i n  
groups 1 and 3 a lso  received u l t r a v i o l e t  ray t reatment t o  compensate f o r  a 
d e f i c i t  i n  v i t am in  D. Before hypokinesia, subjects were studied 
dur ing a 32-day basel ine period t o  determine i n i t i a l  metabol ic and body 
f l u i d  parameters. D i e t  was the  same during t h e  basel ine and t reatment  
periods. Ur ine was co l lec ted  dai ly; wh i le  feces were co l lec ted  i n  t o t a l  f o r  
each 4-day period. Mineral composition of  feces and food was determined 
using standard methods and mineral content o f  pe rsp i ra t i on  was a lso 
measured. Total volume of  water i n  the  body, volume o f  e x t r a c e l l u l a r  f l u id ,  
volume o f  c i r c u l a t i n g  plasma, volume of i n t r a c e l l u l a r  f l u id ,  and volume o f  
i n t e r s t i t i a l  f l u i d  were est imated 3 days before treatment, and on day 60 
and 120 o f  hypokinesia. 
Sodium balance was negat ive i n  2 subjects i n  group 4 (cont ro l )  and a l l  
subjects  i n  groups 2 (exercise) and 3 (exercise + drugs). I n  a l  I but one 
o f  these subjects  volume o f  i n t r a c e l l u l a r  f l u i d  was depressed by the  end o f  
t he  experimental period. One sub jec t  i n  group 4 and al  I subjects  i n  group 1 
(drugs) had a p o s i t i v e  Na balance. In these subjects, i n t r a c e l l u l a r  f l u i d  
was elevated compared t o  baseline. I n  a l l  subjects  o f  a l i  groups, 
e x t r a c e l l u l a r  f l u i d  was depressed compared t o  baseline. Subjects i n  group 
3 showed almost no change i n  i n t r a c e l l u l a r  f l u i d  from baseline, wh i l e  t h i s  
quant i t y  was elevated i n  group 1 and depressed i n  group 2. Ind iv idual  
v a r i a b i l i t y  was high i n  a l l  groups. The authors conclude t h a t  the  p o s i t i v e  
Na+ ba I ance assoc 1 ated w i t h  pharmacol og i ca I agents dur i ng exposure t o  




e l e c t r o l y t e  metabolism between i n t e r s t i c e s  and tissues. The e f fec ts  
of physical exercise, on the  o ther  hand, a re  associated w i t h  maintenance of 
a higher volume of blood. The s t a t e  of group 3 subjects i s  concluded t o  be 
most des i rab l  e, s i  nce changes i n  t h i s  group I e f t  t he  I nt race l  1 u I a r  space 
v i r t u a l l y  unaffected, w h i l e  changes i n  plasma volume and losses of water 
and s a l t  are r e l a t i v e l y  easy t o  compensate for through intake. 
argue t h a t  h igh intragroup v a r i a b i l i t y  ind lcates t h a t  ind iv idua l  
dif ferences i n  basel ine f l u i d - e l e c t r o l y t e  metabolism may exp la in  
differences i n  reac t ions  t o  long periods of hypokinesia w i t h  head-down 
tilt. Innate ind iv idua l  dif ferences should be considered when 
countermeasures are prescribed. 
The authors 
Table 1: Relat ionship between Na balance and changes i n  t o t a l  body f l u i d  
vo l  ume, and extra- and i n t race l  I u l  a r  f I u i d  
Group Na+, mequiv/120 days TBFV, I ECFV, I ICFV, i 
I -6.0 i- 1.9 -3.5 & 0.5 -2.5 & 0.4 -1 .O & 0.4 
(Na down) (-6.7 2 1.0) (-13.0 2 1.5) (-3.1 2 1.7) 
-1.3 & 0.2 -2.1 & 0.6 1.4 & 0.4 I I  5.9 i- 1.7 
(Na up) (-2.8 2 0.6) (-14.6 2 1.9) (5.2 k 1 - 1 1  
P < 0.001 P < 0.02 -- P < 0.01 
Numbers i n  parentheses r e f e r  t o  percentage change; TBFV = t o t a l  body f l u i d  
volume; ECFV = e x t r a c e l l u l a r  f l u i d  volume; ICFV = i n t r a c e l l u l a r  f l u i d  
vo l  ume) 
Tab le2 :  Changes i n  Na' balance and f l u i d  volumes i n  response t o  d i f f e r e n t  
prophy I a c t  i c measures 
Group Na+ TBFV, % ICFV,  % ECFV, % B V ,  % IFV, % 
nequ i v/ 120 days 
1 4.9k1.8 -2.4k0.6 5.8121.1 -15.052.4 -7.8u.l -16.7fi.4 
2 -7.021 .3 -8.5i-1 .3 -5.3G.7 -13.8fi.2 3.0k9.6 -17.0j5.4 
3 -5.752.7 -5.021.7 -0.6fi.O -12.0s.5 -3.4j3.5 -14.7fi.O 
4 -3.7k8.4 -6.321.2 -1.5G.7 -13.2fl.7 -4.OG.7 -14.3fl.9 
C P V  = c i r c u l a t i n g  plasma volume; IFV = i n t e r s t i t i a l  f l u i d  volume 
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(See also: Microbiology: P106) 
PAPER: 
P504(11/87) Anikeyeva ID, Balayeva AV, Vaul ina EN, Vikhrov AI, Kostina LN, 
Maksimova YeN, Nevzgodi na LV, Potapov YuV. 
[A study of] Genetic e f f e c t s  induced by accelerated carbon ions (320 
MeV/nucieon). 
Rad lob io1 og i ya. 
[ l o  references; 5 i n  English] 
Academy of  Sc 1 ences, Moscow; I n s t  i t u t e  o f  B i omed i cal Prob I ems, USSR 
~ I X X V I I ( 1 ) :  103-107; 1987. 
I 
, , Authors' A f f i l i a t i o n :  N.I .  Vavilova I n s t i t u t e  o f  General Genetics, USSR 
I M i n i s t r y  o f  Health, Moscow 
Genetics, P lan t  Genetics, Mutations, Chromosome Damage 
Botany, Arabidopsis tha l  iana _cU cress, Crepis cap i  I l a r i s  LIl Mal Ir hawk's beard, 
Radiobiology, ME,  Accelerated Carbon Ions 
Abstract: Th i s  experiment was intended t o  study the  e f f e c t s  o f  streams o f  
accelerated carbon ions wi th energy close t o  the maximum of  t h a t  o f  
g a l a c t i c  r a d i a t i o n  on the  genet ic s t ructure o f  plants. 
ArabidoDsis 
and l a c t u c a  W l e t t uce  were housed i n  a b ioco l l ec to r  o f  t he  type used 
I n  space. The seeds were i r r a d i a t e d  wi th  accelerated carbon ions w i th  
energy o f  320 MeV/nucleon. A nuclear photoemulsion was used as a detector. 
This detector recorded t racks o f  the carbon ions and p a r t i c l e s  o f  
concom i t a n t  rad i a t  i on resu I ti ng from i nteract  ion o f  carbon ions w i t h  the 
wal I s  o f  t he  accelerator chambers, col  I imators, and a i r .  Concomitant 
r a d i a t i o n  included grey p a r t i c l e s  (protons w i th  energy o f  30-150 MeV) and 
black p a r t i c l e s  (shor t - l ived? protons and mult icharged ions wi th energy 
E<30 M e V ) .  The seeds were moistened one week a f t e r  i r r a d i a t i o n .  This t ime 
i n t e r v a l  corresponds approximately t o  the t ime between the landing o f  a 
spacecraf t  and t h e  moistening of space-flown seeds f o r  growth. The p lan ts  
were grown under constant i l l um ina t ion  a t  22-25OC u n t i l  f r u i t i n g .  E f f e c t s  
o f  r a d i a t i o n  on t h e  r o o t  meristem were estimated by counting aberrant 
c e l l s ,  inc lud ing c e l l s  w i th  m u l t i p l e  chromosomal aberrat ions i n  the hawk's 
beard (metaphase) and le t tuce  (ana- and telaphase), and a lso by determining 
the  r a t e  o f  d i v i s i o n  i n  primary mitosis.  Parameters measured for the cress 
included: number of shoots dying dur ing various developmental phases, 
number of  non - f ru i t  bearing seed buds i n  f e r t i l e  f r u i t ,  number o f  s t e r i l e  
f r u i t ,  frequency of recessive mutants (embryonal deaths and pigment 
mutants) i n  t h e  3 f i r s t  f r u i t  produced by the main shoot. Seeds were 
grouped on the  basis of whether or not they had been h i t  by heavy charged 
p a r t i c l e s  and the data from the two groups compared w i th  each other and 
w i th  t h a t  o f  a contro l  group which had not been i r rad iated.  
J actuca s a t i v a  L I et tuce 
Air-dr ied seeds o f  
fans cress, Crepis capi I l a r i s  U MaLLc hawk's beard, 
Data from the cytogenet ic analysis o f  the l e t t u c e  showed t h a t  i r r a d i a t e d  
p lan ts  had s i g n i f i c a n t l y  more aberrant c e l l s  and c e l l s  w i th  m u l t i p l e  
chromosomal aberrat ions than controls, and t h a t  seeds h i t  by carbon lons 
produced more such mutations than i r rad ia ted  seeds which were not  h i t .  In  
add i t i on  seeds which were h i t  showed lower c e l l  d i v i s i o n  rates.  I r rad ia ted  
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hawk's-beard c e l l s ,  regardless of whether they were h i t  by ions, showed 
lower m i t o t i c  a c t i v i t y  than contro ls .  I n  cress f ru i t fu lness ,  e a r l y  death 
and surv iva l  of i r r a d i a t e d  c e l l s  were no t  s i g n i f i c a n t l y  d i f f e r e n t  from 
controls. But  i n  l a t e r  stages o f  development, p lan ts  from i r r a d i a t e d  seeds 
were more l i k e l y  t o  produce s t e r i l e  f r u i t  and recessive mutations than non- 
i r rad ia ted  plants, regardless o f  whether seeds had been h i t  by carbon ions. 
Cress seeds h i t  by carbon ions produced s i g n i f i c a n t l y  more non- f ru i t  
bearing seed buds than the  i r r a d i a t e d  b u t  n o t  h i t  and contro l  seeds. I t  was 
found t h a t  t o t a l  r a d i a t i o n  was no t  large, never exceeding 200 uGy; however, 
the cont r ibu t ion  made by concomitant r a d i a t i o n  accounted for up t o  80% of 
the  t o t a l  dose. 
The authors conclude t h a t  carbon ions engender e a r l y  and remote genet ic  
effects. Ear ly ef fects,  as re f l ec ted  by the  cytogenet ic parameters a re  a 
sens i t i ve  measure of t h e  e f f e c t s  o f  heavy charged p a r t i c l e s  i n  small doses. 
Remote e f f e c t s  observed i n  the cress invo lve an increased number of s t e r i l e  
f r u i t ,  non- f ru i t  bearing seed buds i n  f e r t i l e  f r u i t ,  and number of 
recessive mutations. Further study sh u l d  invo lve use o f  V Ieaner t8  bundles 
o f  multicharged ions, inc lud ing some w t h  lower energy (up t o  10 
MeV/nucleon), i.e., w i th  higher values o f  l inear  energy transmission. 
Table 1: Resul ts of cytogenet ic analys 
i r r a d  i ated w i t h  carbon ions 
s o f  l e t t u c e  and hawk's-beard seeds 
Table 2 :  Results of an analys is  o f  cress p lan ts  
w i th  carbon ions 
Table 3: Dose absorbed by seeds Inc lud ing cont r  
r a d i a t i o n  f o r  varying numbers of h i t s  by carbon 
whose seeds were 
bu t ion  of concom 
ions 
i r r a d i a t e d  
t a n t  
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Biospherics: BR11; Equipment and Instrumentation: P494; 
Neurophy s i ol cgy : P458) 
PAPERS: 
P451(11/87)* Artamovova TS, Zakharova TS, Morukov BV, Arzanazov GS, Semenov 
VYU. 
B i o e l e c t r i c  card iac a c t i v i t y  and blood e l e c t r o l y t e s  i n  heal thy men 
undergoing 120 days of hypokinesia w i th  head-down tilt. 
Kosmicheskaya B io log i ya  I Aviakosmicheskaya Meditsina. 
20(6): 24-25; 1986. 
[22 references; 6 i n  Engl ish] 
Cardiovascular and Respiratory Systems, B i o e l e c t r i c  Cardiac A c t i v i t y ;  
Humans, Ma 1 es 
Hypok i nes I a w i t h  Head-down T i  1 t, Long-term 
Abstract: I n  t h i s  experiment, 6 healthy men, aged 30-45, spent 120-days 
undergoi ng hypoki nes i a wi th  head-down ti I t o f  -4.5O. 
using 12 standard leads and 3 Nehb (b ipo la r  chest) leads dur ing a basel ine 
period, on days 1, 7, and 28 of  hypokinesia w i th  head-down tilt, and then 
every 2 days unt  i I treatment termi nation, and on days 1 , 14 and 25 o f  a 
recovery period. Blood was taken from the ins ide  o f  t h e  elbow 30 minutes 
a f t e r  the  EKG. Concentration o f  sodium, magnesium, potassium, t o t a l  
calcium, and ionized calcium i n  t h e  blood were measured. Although there  
was some tendency fo r  hear t  r a t e  and systole t o  increase, the on ly  
s t a t i s t  i ca I I y s ign i f icant  changes i n  the EKG parmete rs  i nvol ved the  T 
wave, which decreased i n  amp1 i tude and i n  the  second h a l f  o f  the treatment 
underwent f l uc tua t i ons  and deformation in  some ind iv iduals .  Taken as a 
who1 e, changes i n  EKG are descri  bed as character1 s t l  c o f  m i I d  asymptomat i c  
hypokalemia. During hypokinesia, blood potassium tended t o  decrease, wh i l e  
blood magnesium and calcium (both t o t a l  and ionized) tended t o  increase. 
Sodium remained stable. There was a pos i t i ve  c o r r e l a t i o n  (0.73-0.75) 
between T wave changes and concentrat ion of potassium and a negative 
c o r r e l a t i o n  between T wave behavior and calcium (-0.72- -0.81) and 
magnesium (-0.80- -0.90) concentrations. Hypokalemia returned t o  normal 
rap id l y  dur ing t h e  recovery period. 
Body Fluids, Blood E lec t ro ly tes  
EKGs were recorded 
Table 1 : Changes over time i n  EKG parameters dur ing 120 days o f  hypokinesia 
w i t h  head-down ti I t 
Table 2: Changes over time i n  concentration o f  e l e c t r o l y t e s  i n  blood serum 
during 120 days o f  hypokinesia wi th  head-down t i l t  
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P467( 11/87]" Rumyantsev VV, Dlyachenko A I .  
The mechanism through which local negative pressure applied t o  the  human 
body affects central circulation. 
Kosmicheskaya B io log iya  i Aviakosmicheskaya Meditsina. 
[9 references; 3 i n  Engl ish] 
20(6): 84-86; 1986. 
Cardiovascular and Respiratory Systems, Central Ci rcu lat ion;  Mathematical 
Mode I i ng 
Humans, Ma I es 
Negative Pressure, Lower Body, Local 
Abstract: S i x  heal thy male subjects pa r t i c i pa ted  I n  t h i s  experiment. A f te r  
a thorough medical examination, subjects  were placed i n  a head-down tilt 
pos i t i on  (-15O). 
negative pressure i n  the  reg ion o f  the ankles, or abdominal area, 
increasing from 0 t o  -60 mm Hg, was appl ied and t h e i r  e f f e c t s  on cent ra l  
venous pressure and pressure i n  the pulmonary a r t e r y  compared. These 
parameters were measured using invasive means [not f u r t h e r  specif ied]. I t  
was found t h a t  both pressures measured var ied as an exponential func t ion  o f  
mount  of  decompression, as described by the  fo l  lowing equation: 
where P i s  t h e  level  o f  cent ra l  or local  pressure; p i s  t h e  level  of 
decompression; Pi i s  i n i t i a l  pressure; Pt i s  t h e  level  of terminal  pressure 
(minimum); and K i s  a coe f f i c i en t .  I t  requi red 15-20 seconds for cent ra l  
and local pressure t o  s t a b i l i z e  a f t e r  a change i n  type of decompression. 
Cal f  volume s t a b i l i z e d  w i t h i n  1 minute. 
i n  central  blood pressure determine t h e  amount o f  blood pool ing i n  t h e  area 
af fected by decompression. I t  was found t h a t  gradual and abrupt increases 
i n  decompression had ident ica l  e f fec ts .  Venous capaci ty was t h e  most 
sens i t i ve  t o  small amounts of decompression. The authors describe the  
chain of events a r i s i n g  from local  decompression as fo l lows: decompression - transmural pressure - venous volume - volume o f  c i r c u l a t i n g  blood - 
centra l  venous pressure, and propose a mathematical model o f  t h i s  sequence. 
Af ter  20 minutes i n  t h i s  pos i t ion,  LBNP, or loca l  
P = Pi+(Pi-Pt)exp(Kp) 
The authors suggest t h a t  changes 
Table: Comparison of parameters o f  t h e  model for LBNP and local  negat ive 






















































Figure: Change i n  centra l  venous pressure and c a l f  volume as a func t ion  of 
loca l  decompression t o  t h e  ankles 
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P481(11/87)* Yarui I i n  KhKh, Artamanova NP. 
Responses t o  [ I i t e r a l  I y : character i s t  i cs of] the  atrop i ne t e s t  i n 
individuals varying i n  age. 
Kosmicheskaya B io log i ya  i Aviakosmicheskaya Meditsina. 
[13 references; none i n  Engl ish] 
Cardiovascular and Respiratory Systems, EKG Parameters 
Humans, Ma i es, Age D i f f erences 
Atrop i ne 
21 ( 1  k37-42; 1987. 
Abstract: A t e s t  invo lv ing  subcutaneous in jec t i on  of at rop ine s u l f a t e  (1.0 
m l  0.1% so lu t i on )  was performed on 47 males vary ing i n  age. 
contained 17 men aged 25-39, group 2 contained 25 men aged 40-49, and group 
3 contained 5 men aged 50-59. 
standard, o r  i n  3 cases Nehb (b ipo la r  chest) leads. Recording began before 
the  a t rop ine  in ject ion,  and continued every 3 minutes during the h a l f  hour 
a f t e r  i n j e c t i o n  and every 5 minutes during t h e  h a l f  hour a f t e r  tha t .  
Parameters measured included dura t ion  of cardiac cyc le  RR (as wel l  as 
corresponding hear t  r a t e  per minute), Pg in terva l  and e l e c t r i c  sys to le  QT, 
actual and requi red sys to l  i c  index i n  percent, and ampi i tude o f  R and T 
Group 1 
A t  the same t ime EKG was recorded using 
I waves. 
Heart r a t e  data showed t h a t  most ind lv iduals  reac t  t o  a t rop ine i n  2 phases: 
slowing i n  the  f i r s t  25-30 minutes and quickening subsequently. 
phase involves bradycardia and i s  associated w i th  vagal s t imulat ion;  t h e  
second involves tachycardia and r e s u l t s  from blockade o f  the cho l inerg ic  
receptors. E f fec ts  of the  i n j e c t i o n  were s imi la r  i n  a i l  groups; however, i n  
o lder  subjects  bradycardia was diminished, second phase tachycardia lasted 
longer, and the  e l e c t r i c  sys to le  response t o  increased hear t  r a t e  was less 
pronounced. Younger subjects were more apt t o  develop arrhythmia i n  
response t o  atropine. The authors a t t r i b u t e  these d i f ferences t o  slowing of 
b io log i ca l  processes w i th  age. 
The f i r s t  
Table 1: Changes i n  mean values of hear t  ra te (per minute) i n  men varying 
ne i n  age i n  response t o  at rop 
Table 2: Changes i n  mean va 
response t o  a t rop ine  
Figure: EKG f o r  subject V., 
ues i n  EKG parameters i n  men varying i n  age i n  
32 years old, in  D, A, and I Nehb leads 
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P486(11/87)* Kazakova RT, Krotov VP, Giryayeva IO/ 
Central henodynanics in monkeys in a postoperative period as a function of 
preoperative I iving conditions. 
Kosm icheskaya 6 io1 og iya i Av i akosmicheskaya Med i ts i na. 
[4 references; 1 in Engl ish] 
21(1): 58-60; 1987. 
Cardiovascular and Respiratory Systems, Central Hemodynamics, Contractile 
Primates, Rhesus Monkeys 
Immobilization; Operational Medicine, Surgery, Electrode Implantation 
and Pumping Function 
Abstract: This experiment investigated hemodynmlc effects of certain 
preflight living conditions of primates being prepared for flight on a 
biosatellite. These conditions are: confinement in a primate chair, and 
surgery, e.g., to implant transmitters and electrodes. A total of 26 
rhesus monkeys were divided into 3 groups. All groups were operated upon 
to implant electrodes and transmitters above the carotid artery. The first 
group (n=6) spent the preoperative period in an open air cage; the second 
group were confined in a primatological chair for 24 hours a day for 1.5-2 
months before the operation; the third group (n=8) spent most of the sane 
period confined in chairs but were allowed a day in an open air cage once 
or twice a week. Central hemodynanic parameters were measured using 
echocardiography and electrocardiography pre- and post-operatively. 
1 was studied on days 3, 10, and 20 after the operation; group 2 on days 10, 
15, and 20-25; and group 3 on days 3 and 10. Cardiac parmeters studied 
included: heart rate, stroke volume, stroke volume index, minute volume, 
cardiac index, terminal diastolic volume of left ventricle, terminal 
systolic volume of left ventricle, ejection fraction, and decrease in 
anteroposterior dimension of the left ventricle during systole. 
Group 
One day before the operation the parameters indicative of left ventricle 
pumping function were significantly lower for group 2 animals than for 
group 3. There were no differences between groups 1 and 3 in these 
parameters, suggesting that as little as 1-2 days per week of free movement 
are sufficient to prevent effects of immob i 1 ization of cardiac pumpins 
function. After the operation, parameters of animals in group 1 returned 
to normal by day 3. Animals in group 3 still showed disruptions in function 
(depressed stroke volume, stroke index, minute volume, terminal diastolic 
volume, ejection fraction, ventricle size and increased heart rate [only 
stroke volume is significant]) compared to basel ine on days 10-15 
after surgery. By days 20-25 these parameters had returned to normal. 
group 3, only heart rate and minute volume were altered on days 3 and 10 
post-operation, while parameters of contractile function were at baseline 
level. No group displayed changes in size of left auricle, width of 
Intraventricular partition, or posterior wal I of the left ventricle. The 
authors conclude that initial state has a significant influence on how 
surgery affects i ntracard iac hemodynan i cs. 
activity interspersed with longer periods of hypokinesia appear sufficient 
to normal ite the circulation system and ensure adequate recovery from 
surgery. This method of maintaining monkeys preflight is recommended, and 
it is suggested that basel ine cardiac parameters be measured no sooner than 
two weeks after an implantation operation. 
In 
Short periods of norma I 
cAw)IOVAScUAR AND RESPIRATCRY SYSTEMS 
P486 
Table 1: Parameters o f  central hemodynamics i n  group 1 monkeys a t  varying 
intervals  a f t e r  surgery 
Table 2: Parameters of central hemodynam 
af ter  surgery 
Table 3: Parameters of central hemodynam 
Intervals  a f t e r  surgery 
cs in group 2 monkeys before and 
cs i n  group 3 monkeys a t  varying 
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P487(11/87)* Simonov LG, Saribekyan AS. 
[Properties] of pu I sat  I on vol umes and pressures i n response to changes I n 
"reserve spaces" i n  the sku1 I. 
Kosm i cheskaya B io1 og i ya i Av i akosm i cheskaya Med i t s  i na. 
[15 references; 3 i n  Engi ish] 
Card i ovascu I ar  and Resp i r a t o r y  Systems, I n t racran i a I B I cod F I ow and 
Humans, Neurosurg i ca 1 Pat ients;  Pr  imates, Rhesus Monkeys 
Neurophysiology, Cerebrospinal F I  uid, Reserve Spaces 
Abstract: The goal of t h i s  work was t o  evaluate parameters of  pu lsat ions i n  
volume and pressure when the level  o f  i n t r a c r a n i a l  pressure changes. 
Invasive methods were used t o  study in t rabra in ,  i n t r a c r a n i a l  subdural, and 
cerebrospinal pressure, and local  b ra in  blood f low i n  neurosurgical 
pat ients  w i t h  var ious k inds o f  b r a i n  disorders. The bodies of rhesus 
monkeys were used t o  v e r i  f y  cur ren t  ideas about the "reserve spaces" 1 n the 
cerebrospinal system. Ultrasound scanning was used t o  f i n d  parameters of 
in t racran ia l  blood and f l u i d  dynamics i n  neurological  pat ients .  I n  some 
subjects pulsed damping of ul t rasound was used t o  study mechanical 
displacements of the  wa l ls  o f  the l a t e r a l  cerebral v e n t r i c l e  i n  response t o  
i ntracran i a l  blood pu I s a t  ions. 
21(1): 61-66; 1987. 
Pressure; Operational Med i c i  ne, UI trasound Scann i ng of the  Bra in  
Studies of  t h e  monkeys' bodies determined t h a t  subdural pressure d i d  no t  
vary l i n e a r l y  wi th the amount of physio log ica l  so lu t i on  in jec ted  
vent r i cu la r ly ,  bu t  depended on t h e  i n i t i a l  volume. Previous work has shown 
t h a t  when the funct ion o f  pressure on volume i s  determined, the  modulus of 
e l a s t i c i t y  must be taken i n t o  account. As i n t r a c r a n i a l  pressure increases 
t o  a cer ta in  point, the  modulus of e l a s t i c i t y  remains r e l a t i v e l y  constant; 
however a f t e r  t h i s  p o i n t  e l a s t i c i t y  increases v i r t u a l l y  1 inear ly  w i th  
pressure. The p o i n t  where t h e  re1 at ionsh i p  between pressure and e l  a s t i c i  t y  
changes represents t h e  p o i n t  where t h e  reserve space i n  t h e  cerebrospinal 
system i s  exhausted. Ultrasound stud ies showed t h a t  as cerebrospinal 
pressure increases t o  220 mm H 0, pulsed damping o f  u l t rasound increases, 
a f t e r  which it decreases. 
t o  be the cause of t h i s  d iscont inu i ty .  
i n t l e c t i o n  p o i n t  occurs when cerebrospinal pressure equals t i ssue  pressure. 
As cerebrosp i na 1 pressure increases i n i t i a l  I y, t h e  reserve space i n  t h e  
system decreases and the pu lsa t i on  of blood i n  the  b r a i n  t i s s u e  i s  almost 
completely t ransmi t ted t o  t h e  wa l ls  of the  vent r i c le .  
pressure has been reached, fu r the r  increases i n  cerebrospinal pressure i n  
t h e  skul l  increase t i ssue pressure i n  t h e  b r a i n  as well ,  l i m i t i n g  t h e  
capacity of the  v e n t r i c l e  wal 1 t o  s h i f t ;  the  pu lsa t ion  parameter then 
s t a r t s  t o  decrease. Th i s poi  n t s  t o  exhaustion of compensatory mechani sm 
(reserve spaces) i n  the cerebrospinal system which provides pulsed t l o w  of 
cerebrosp inal  f I u i d between t h e  b r a i  n and spine. However, t h e  reserve 
capacity of  the  i n t r a b r a i n  venous system are s t i  1 I avai lab le.  The p o i n t  
where t h i s  reserve i s  exhausted i s  i d e n t i f i e d  w i th  t h e  i n f l e c t i o n  p o i n t  i n  
the curves of change i n  subdural pressure d iv ided by subdural pressure and 
duration o f  anacrot ic  phase of pu lsa t ion  d iv ided by per iod as funct ions o f  
I ncreas i ng subdural pressure. These i n f l e c t  ion po in ts  occur a t  a pressure 
of about 400-500 mm H20. 
def ic ient .  
ultrasound parameters as i n t r a c r a n i a l  pressure increases, one can determine 
Aga ? n, the  existence o f  reserve space i s  taken 
I t  i s  considered poss ib le  t h a t  t h e  
A f t e r  maximum 
Af te r  t h i s  p o i n t  blood flow i n  t h e  b r a i n  may be 
The authors argue t h a t  by exmin ing  pa t te rns  o f  change i n  
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i f  t h e  cerebral  spinal  system or venous system i s  compensating for 
increased pressure, and how close t o  t h e  c r i t i c a l  p o i n t  t h i s  pressure is. 
Thus ul t rasound scanning of the  b r a i n  has h igh  po ten t ia l  for  noninvasive 
d i agnosi s of parameters o f  the cerebrospi nal system. 
Table: Volumes and pressures o f  components of the  blood and cerebrospinal 
I f I u i d  systems 
Figure 1: 
cerebros p 
F igure 2: 
i ntracran 






E l a s t i c i t y  as a funct ion of subdural pressure i n  t h e  
nal system 
Pulsat ions i n  volume and pressure a t  vary ing evels of 
al pressure 
Changes i n  local  b ra in  
pressure changes i n  neurosurgica 
F igure 4: Range o f  pressures i n  
pat terns 
I 
b lood flow w i th  changes i n  i n t r a b r a i n  
pat ients  a f t e r  surgery 
he crania l  c a v i t y  and t h e i r  character s t i c  
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P488(11/87)* Khodos BA, Gabinskiy VL. 
A comparative study of  central hemodynamics, myocardial contracti  I i ty ,  and 
tension i n  the l e f t  ventr ic le wall in  athletes and [cardiac] patients. 
Kosmicheskaya B io log iya  i Aviakosmicheskaya Meditsina. 
E18 references; 7 i n  Engl ish] 
21(1) :  66-71; 1987. 
Cardiovascular and Respiratory System, Central Hemodynamics, Myocardial 
C o n t r a c t i l i t y ,  Vent r i cu la r  Wal I Tension; Operational Medicine, Diagnosis, 
Latent Cardiac Insu f f i c iency  
Humans, Males, Athletes, Patients, Ischemic Heart  Disease, Hypertension 
Phys I cal Exerc i se 
Abstract: The purpose o f  t h i s  study was t o  increase understanding of t h e  
cardiac e f f e c t s  of r lgorous a t h l e t i c  t r a i n i n g  and improve diagnosis of 
l a t e n t  cardiac Insuf f ic iency.  Measurements were made on 15 world-class 
handball players, aged 20-30; 20 pa t i en ts  w i th  ischemic hear t  disease being 
t rea ted  a t  a hospi ta l ;  20 pa t i en ts  w i th  high blood pressure i d e n t i f i e d  
through rou t i ne  screening (ne i ther  group of pa t ien ts  showed signs of 
c i r cu la to ry  def ic iencies;  pa t i en ts  were 40-49); and two cont ro l  groups of 
heal thy nonathletes, one group aged 20-30 and the o ther  40-49. 
Echocardiography was performed and t h e  fo l low ing  parameters measured: 
terminal d i a s t o l i c  and s y s t o l i c  volume, s t roke volume, width of an te r io r  
wal l  of  t h e  l e f t  vent r ic le ,  width of i n te rven t r i cu la r  septum, th ickening of 
t h e  anter ior  wal I of the  l e f t  ven t r i c le ,  th ickening o f  the i n t e r v e n t r i c u l a r  
septum, myocardial weight, e jec t i on  f ract ion,  decrease i n  area of v e n t r i c l e  
cavi ty,  r a t e  o f  cont ract ion of c i r c u l a r  f i b e r s  of t h e  myocardium and r a t e  
of re laxat ion o f  t h e  an te r io r  wal l  of t h e  l e f t  v e n t r i c l e .  Meridional and 
c i r c u l a r  tension of the  l e f t  v e n t r i c l e  wal I were ca lcu lated by formula. 
Parameters were measured before exercise and i n  t h e  f i r s t  minute a f t e r  
graded exercise on a b i cyc le  ergometer. 
r a t e  reached 80-908 o f  maximal, which was ca lcu lated by formula. 
Exercise was terminated when hear t  
A t  rest ,  a th le tes  and ischemic pa t i en ts  showed elevated terminal  d i a s t o l  i c  
and systol i c  blood pressure, and pa t i en ts  wi th  high blood pressure showed 
elevat ions i n  terminal  d i a s t o l  i c  blood pressure, s t roke volume, and minute 
volume. The a th le tes  displayed t h e  h ighest  values for thickness and 
thickening o f  an te r io r  wal l  of t h e  l e f t  ven t r i ca l ,  th ickness and th ickening 
of the  i n te rven t r i cu la r  septum, and myocardial weight. The subjects w i th  
high blood pressure a lso showed values of ven t r i cu la r  thickness and 
myocardial weight above cont ro l  level ,  but  these values were less than for 
athletes. No d i f ferences were found i n  t h e  index of c o n t r a c t i l i t y  for any 
groups. The indices of meridional and c i r c u l a r  tension of t h e  v e n t r i c l e  
wal 1 were the  most informative; these were lowest for  a th le tes  and h ighest  
for patients. 
exercise. I n  the a th le tes  terminal  d i a s t o l i c  volume remained higher than 
t h a t  of contro l ,  but  terminal  s y s t o l i c  volume dropped t o  contro l  levels, 
wi,iie ,,t,"Kt: "o jume furtiler t - - - - - - - 2  - - l - L ? . . -  
of patients, terminal  systo l  i c  volume increased, wh i l e  t h a t  o f  con t ro ls  
decreased. Stroke and terminal  d i a s t o l i c  volumes were no d i f f e r e n t  than 
controls.  Minute volume increased I n  a l l  groups and was higher i n  a th le tes  
and pat ients  than i n  controls.  C o n t r a c t i l i t y  parameters were lower f o r  
those with ischemic hear t  disease, whi 1 e those of t h e  other groups were no 
d i f fe ren t .  Ischemic pa t ien ts  d i f f e r e d  from the other  groups i n  t h a t  
e jec t ion  f ract ion,  con t rac t ion  of ven t r i cu la r  cavi ty,  and cont rac t ion  o f  
Di f ferences among groups were more pronounced a f t e r  
I IILI eawsu I a la  I I V W  f~ t ~ i i t r ~ l .  For b ~ t h  g r ~ u ~ s  
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circulatory fibers did not increase after exercise. These data are 
interpreted as showing that dilation and hypertrophy are different in 
athletes than in patients suffering from high blood pressure and, 
particularly, ischemic heart disease. For athletes, these characteristics 
represent a reserve which can lead to hyperfunction when the myocardium is 
mobil ized inotropical ly. Those with Ischemic heart disease show latent 
If i notrop i c i nsuf f i c i ency, I' wh i ch prevents them from i ncreas i ng myocard i a1 
contractility in response to physical exertion and thus leads to hidden 
cardiac insufficiency. The computed parameters of meridional and 
circulatory tension on the ventricular walls distinguish between athletes, 
controls, and patients, and are promising as Indicators of hidden inotropic 
insufficiency 
exert i on. 
especial ly as they do not require possibly dangerous 
Tabi e 1 : Base 
and myocard i a 
heart disease 
ages 
ine values of parameters indicative of central hemodynamics 
contractility in athletes, patients suffering from ischemic 
and high blood pressure, and healthy individuals of the same 
Table 2: Parameters indicative of central hemodynamics and myocardial 
contractil ity in athletes, patients suffering from ischemic heart disease 
and high blood pressure, and healthy subjects of comparable age before and 
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Figure 1: Terminal systolic meridional ( a )  and circulatory ( b )  tension of 
the walls of the left ventricle 
1 - athletes; 2 - control, aged 40-49; 3 - control, aged 20-30; 4 - 
patients with high blood pressure; 5 - patients with ischemic heart 
disease 
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Figure 2: Changes i n  parameters indicat ive of central hemodynamics and 
myocardial contract i  I i t y  before and a f te r  physlcal exercise 
1 - athletes; 2 - control, 20-30; 3 - control, 40-49; 4 - patients w i t h  
ischemic heart  disease; 5 - patients with high blood pressure 
I 
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PAPER: 
P482( 11/87)* Shakhmatova Ye1 , Lavrova YeA, Natcchi n YuV, Serova LV, 
Denisova LA. 
Concentration of fluid and electrolytes in pregnant rats and their offspring 
after flight in the *Coslaos-1514* biosatellite. 
Kosmicheskaya B io1 og i ya i Aviakosmicheskaya Med i t s  i na. 
[15 references; 7 i n  Engl ish]  
21(1): 42-47; 1987. 
Developental Biology; Body Fluids, F lu id  and E l e c t r o l y t e  Balance 
Rats, Pregnant, Fetus, Neonate 
Space F I  ight, Cosmos-1514 
Abstract: I n  t h i s  study 4 month o ld  pregnant Wistar r a t s  were f lown on the  
ttCosmos-1514tg b iosate l  I i t e  between days 13-18 o f  t h e i r  pregnancies. 
Synchronous and vivarous cont ro l  groups were used. Some subjects were 
s a c r i f i c e d  and dissected on day 18 of pregnancy, t he  mothers' bone t i ssue  
( t i b i a ) ,  skin, kidney, and l i v e r  samples were studied, as wel l  as the  
e n t i r e  fe tus  and placenta. 
t h e i r  pregnancies u n t i  I natura l  b i r t h  and t h e i r  o f f s p r i n g  were s tud ied on 
days 1, 15 and 30 a f t e r  b i r th .  I n  order t o  determine water content and dry 
weight o f  t he  fetuses, placentas, organs of  t h e  newborn rats, and samples 
o f  organs o f  mature rats ,  they were weighed immediately a f t e r  i s o l a t i o n  and 
then d r ied  t o  constant weight, placed i n  HNO bath u n t i l  t h e  organic 
o f f ,  and the  samples washed i n  d i s t i  I led  water. 
potass i um, ca l  c i um and magnes i um were measured. 
The body weights of f l  i g h t  fetuses were 10% lower than those of synchronous 
controls. Dry body weight was 12% below t h a t  o f  synchronous counterparts, 
i nd i ca t l ng  t h a t  space f l  i g h t  fac to rs  re tard t h e  format ion of organic 
matter. The amount of re ta rda t i on  is sa id  t o  be 5 hours, corresponding t o  
5 days for a human. Since there was s i g n i f i c a n t  d i f fe rence i n  these 
parameters between synchronous (exposed t o  a l  I space f 1 i g h t  f ac to rs  except 
weightlessness) and vivarous controls, the e f f e c t  can be a t t r i b u t e d  t o  
weightlessness per se. The r e l a t i v e  water content of the  f e t a l  bodies was 
not a t  a l l  depressed by t h e i r  exposure t o  space; indeed it exceeded t h a t  o f  
con t ro ls  by 68, another s ign  of retarded development. Retardat ion i s  
est imated as 17 hours, equiva lent  t o  18 days I n  human embryogenesis. On t h e  
other  hand, concentrat ions of sodium, potassium, calcium, and magnesium i n  
the  bodies of t he  f l i g h t  fetuses were appropriate t o  t h e i r  calendar age and 
d id  not d i f f e r  from those of cont ro l  s. 
The remaining mothers were al lowed t o  complete 
substance had completely dlssolved, a f te r  wh 7 ch t h e  ac id  was evaporated 
Concentrations o f  sodium, 
The wet and dry weights of t h e  placentas were a lso  reduced i n  the  mothers 
o f  these animals. While the  water content of the placentas was no 
d i f f e r e n t  from t h a t  of controls, they contained more sodium and less 
potassium than those of animals who car r ied  t h e i r  pregnancies t o  term on 
Earth. L i t t l e  weight gain occurred i n  the pregnant r a t s  wh i l e  i n  
space, whl l e  comparable cont ro ls  gained considerable weight. Th is  
d i f f e rence  cannot be a t t r i b u t e d  t o  dif ferences i n  food intake, nor t o  weight 
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o f  the l i t t e r .  L ivers  of space mothers weighed considerably less than 
those of controls, whi le  kidney weights were comparable. Concentrat ion of 
e lec t ro ly tes  i n  t h e  sk in  and bone t i ssue  was v i r t u a l l y  unchanged by space 
f l i g h t .  However the I iver  displayed a subs tan t ia l  decrease i n  calcium and 
a moderate increase i n  sodium, and t h e  kidneys displayed decreases I n  
sodium, potassium, and calcium. Since the  f l u i d - e l e c t r o l y t e  composition 
of the  fetuses was more s tab le  than t h a t  of t h e  mothers, t h e  authors 
conclude t h a t  t h e  mechanism f o r  mainta in ing mineral homeostasis i n  the  
fe tus  funct ions independently o f  t h e  mother. One-day-ol d r a t s  o f  mothers 
flown i n  space showed no di f ferences i n  f l u i d s  and e l e c t r o l y t e s  i n  the  
l i v e r ,  heart, or  skin. Kidney weights o f  f l i g h t  animals were greater and 
concentrat ion o f  e lec t ro l y tes  I ower than t h a t  o f  con t ro l  counterparts. No 
di f ferences from cont ro ls  were found i n  15-day- or 30-day-old f l i g h t  
animals, t e s t i f y i n g  not  on ly  t o  t h e i r  normalcy but  t o  the normalcy o f  the  
m i l k  o f  mothers f lown i n  space. These data ind ica te  t h a t  f l u i d - e l e c t r o l y t e  
homeostasis of developing fetuses was only  s l i g h t l y  inf luenced by 
weightlessness and whatever deviat ions d i d  occur r a p i d l y  returned t o  
norma 1 . 
Table: Concentration o f  f l u i d  ( i n  g per 1 g weight) and e lec t ro l y tes  ( i n  
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* d i f ference between f l i g h t  and synchronous contro l  s i g n i f i c a n t  a t  P<O.OOl 
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Figure 1: Concentration o f  dry substance, f l u i d  and e l e c t r o l y t e s  i n  18-day 
r a t  fetuses 
Here and i n  F igure 2 t he  ord ina te  represents I :  weight i n  mg; I I :  dry 
weight i n  mg; I I I :  H 0 i n  kg per g dry weight; I V :  concentrat ion o f  
e l e c t r o l y t e s  i n  mequfv per g d r y  weight; 1 - f l i g h t  fetuses; 2 - 
synchronous contro l ;  3 - vivarous control;  * p<0.05 p<O.Ol or 
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Figure 2: Concentration i n  dry substance of  f l u i d  and e l e c t r o l y t e s  i n  t h e  
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Figure 3: Concentration of f l u i d  (I, i n  kg/kg dry weight) and e l e c t r o l y t e s  
( 1 1 ,  i n  mequiv/kg wet weight) i n  the  kidneys o f  r a t s  varying i n  age 
Abscissa: 1 - pregnant animals exposed t o  weightlessness and t h e i r  
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Figure 4: Concentration of electrolytes (in mequlv/g wet substance) in the 
I iver (a), skin (b), and heart (c) of  1-day-old rats 
1 - f l  ight group; 2- synchronous control ; 3 - vivarous control. 
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(See also: Gastro in test ina l  System: P455; N u t r i t i o n :  P475) 
PAPERS: 
P457(11/87)* Krasnov IB, Babichenko I I ,  Afonin BV, Pankova AS. 
Morphological and blochernical analyses of certain organs and tissues in 
rats after 30 days of exposure to increased gravity of 1.1- and 2-9. 
Kosmicheskaya B io log iya  i Aviakosmicheskaya Meditsina. 
20(6): 
51-58; 1986. 
[27 references; 19 i n  Engl ish] 
Endocr i no 1 ogy, ACTH, Ang i otens i n, A I  dosterone, Ren i n, Thymus, Adrena I 
Rats, Males 
A r t i f i c i a l  Gravity, Cent r i fugat ion  
Gland; Neurophysiology, Cerebellum, Vest ibular System 
Abstract: I n  t h i s  experiment male SPF ra ts  were e i t h e r  centr i fuged i n  cages 
attached per iphera l l y  on a cen t r i f uge  (equivalent t o  2-91, cen t r i fuged i n  a 
cage attached t o  the  centra l  p o r t i o n  of a cen t r i f uge  (equivalent t o  1.1-g) 
or kept  i n  non-centrifuged cages f o r  30 days. The cen t r i f uge  ro ta ted  a t  a 
r a t e  of 33.3 r o t a t  i ons/m i nute. 
were exposed t o  12 hours o f  l i g h t  and 12 o f  darkness per day, and consumed 
the same diet .  On day 30 o f  ro tat ion,  and days 2 and 7 of a recovery 
period, 7 o f  t h e  animals i n  each group were weighed and then sacr i f iced.  
U l t r a t h i n  sect ions o f  the  nodulus o f  the l e f t  h a l f  of the  vermis c e r e b e l l i  
were exami ned w i t h  an e lec t ron  microscope. Concentrations o f  ACTH, 
angiotensin, and aldosterone, as wel l  as r e n i n  a c t i v i t y  were measured i n  
comb i ned p I asma by rad  i o  i mmune assay. 
weighed and the  l a t t e r  were fixed, S I  iced, and stained. 
Each cage conta i ned 10 an i ma I s. An i ma I s 
The thymus and adrena I g 1 ands were 
Microscopic examination revealed no pathological  changes i n  the  b r a i n  o r  
organs of the  chest or abdominal cavi t ies.  
cent r i fugat ion,  animals i n  both experimental groups showed a tendency t o  
ga in less weight than contro l  s, w i th  the tendency more pronounced i n  t h e  
2-9 group. Weight of the  2-9 animals continued t o  drop a f t e r  
cen t r i f uga t ion  stopped and recovered more s lowly  than t h a t  o f  the  1.1-g 
group. No s i g n i f i c a n t  e f f e c t s  were noted on the weight o f  the thymus and 
adrenal glands; nor were morphological changes noted i n  these glands. On 
day 30 of centr i fugat ion,  plasma ACTH concentrat ion was depressed t o  the  
same degree i n  both centr  i f ugat ion groups; however, t h e  I eve1 had recovered 
by day 7 post  t reatment i n  t h e  1.1-, bu t  not  t h e  2-9 group. The exact 
mechanism under ly ing t h i s  e f f e c t  i s  unclear. On day 30 of ro tat ion,  r a t s  
i n  t h e  2-9 group showed s i g n i f i c a n t l y  increased concentrat ions of plasma 
angiotensin 1 and aldosterone, and a tendency for ren in  a c t i v i t y  t o  
increase. On day 2 post  t reatment angiotensin, aldosterone and r e n i n  
a c t i v i t y  were higher than contro l  leve ls  for both cen t r i f uga t ion  groups, 
but  more so f o r  t h e  2-9 subjects. 
day 7 post-treatment i n  both groups. Examination of t h e  u l t r a s t r u c t u r e  of 
the granular layer of the  cerebel I ar  nodulus cor tex  showed t h a t  i n  contro l  
animals t h e  mossy f i b e r  te rmina ls  are located i n  t h e  cent ra l  p o r t i o n  of the  
glomerulus, and contain synapt ic vessicles grouped i n  t h e  area of t h e  
A f t e r  30 days of 
Levels o f  these hormones dropped on 
3 1  
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synapses, and i n t a c t  mitochondr ia w i th  an e lec t ron ica l  l y  dense ma t r i x  and 
m u l t i p l e  cr is tae.  Rats centr i fuged a t  1.1-g displayed changes I n  the 
u l t ras t ruc tu re  of the  mossy f i b e r  te rmina ls  suggesting a s t a t e  of 
exci tat ion.  There were more synapt ic vessicles, and edged and large l i g h t  
vessicles. Pre- and post-synaptic membranes showed h igh e lec t ron  density, 
as d i d  the post synapt ic thickening; the  width of the  synapt ic gaps 
increased, as d i d  t h e  e lec t ron  densi ty of t h e i r  matr ix. There was a 
l ightening o f  the mitochondr ia l  ma t r i x  and shortening o f  I t s  cr is tae.  There 
were 3 types of changes i n  the  mossy f i b e r  terminal  u l t r a s t r u c t u r e  i n  r a t s  
centr i fuged a t  2-9 fo r  30 days. 
u l t ras t ruc tu re  was t y p i c a l  of a s t a t e  of extreme exc i ta t ion,  leading i n  a 
number of cases t o  blockage o f  synapt ic transmission: sharply increased 
dens i t y  of synapt i c vess i c I es i n  t h e  term i na I s, edged vess i c  1 es, 
mitochondria w i t h  l i g h t  c a v i t i e s  and a l te red  cr istae, and presynapt ic zones 
wi thout  concentrat ion of synapt ic vessicles. The u l t r a s t r u c t u r e  o f  another 
p o r t i o n  of  the mossy f i b e r  te rmina ls  showed signs of Ill IghtII degeneration: 
l ightened axoplasm; decrease i n  number of synapt ic vess ic les which 
c lustered i n  groups o f  8-12, 8-12 nm from the  presynapt ic membrane; and 
a l t e r e d  mitochondria. 
of I1dark1l degeneration, Increased e lect ron densi ty o f  axop I asm because o f  
h igh density of synapt ic vessicles. The cent ra l  p o r t i o n  o f  these te rmina ls  
contai  ned mitochondria w i t h  an e l  ectron m a t r i x  and shortened c r  i stae. 
Synaptic contacts were i n  an i n a c t i v e  state. Since the  u l t r a s t r u c t u r e  o f  
mossy f i b e r  te rmina ls  r e f l e c t s  t h e  funct ional  a c t i v i t y  o f  neurons of t h e  
vest ibu lar  gangl ia rece iv ing  in format ion from receptor c e l l s  of t h e  
o t o l i t h ,  these data suggest t h a t  30 days o f  exposure t o  1.1-g produces a 
s t a t e  of exc i ta t i on  i n  t h e  system o f  u t r i c u l a r  receptor ce l  I s  - -vest ibu lar  
gangl ia neurons, wh i le  exposure t o  2-9 produces excessive s t imulat ion.  Two 
days a f t e r  terminat ion o f  cent r i fugat ion,  u l t r a s t r u c t u r e  o f  r a t s  i n  t h e  
1.1-g group showed signs of normal izat ion, wh i le  t h a t  of r a t s  i n  t h e  2-9 
groups s t i  1 I indicated s ta tes  o f  ight l l  and lldarkll degeneration. Seven 
days a f t e r  t reatment term i nation, u l t r a s t r u c t u r e  o f  both experimental 
groups returned t o  normal. 
of t h e  renin-angiotensin-aldosterone system and i n  t h e  a c t i v i t y  of t h e  
u t r i c u l a r  receptor c e l l  -- ves t ibu la r  gangl ia  neuron noted on t h e  second 
day af ter  r e t u r n  t o  normal g rav i t y  are s i m i l a r  i n  d i r e c t i o n  t o  those noted 
dur ing adaptation t o  weightlessness. Therefore, it i s  poss ib le  t o  use the 
former data for analys is  o f  c e r t a i n  e f f e c t s  o f  weightlessness on mammals. 
I n  t h e  area o f  the terminals, the  
A t h i r d  group of mossy f i b e r  terminals  showed s igns 
The authors conclude t h a t  changes i n  t h e  s t a t e  
Table 1: Changes i n  weight of r a t s  a f t e r  exposure t o  increased g r a v l t y  and 
r e t u r n  t o  normal g r a v i t y  
Table 2: Weights of thymus and adrenal glands o f  r a t s  a f t e r  exposure t o  
increased g r a v i t y  and r e t u r n  t o  normal g rav i t y  
Table 3: Renin a c t i v i t y ,  and amount of angiotensin 1, aldosterone, and ACTH 
i n  blood plasma of r a t s  i n  increased grav i ty  arid affzr rstur:: ts ncrmg! 
Figure 1 :  Granular c e l l  of the  cerebel lar  nodulus cor tex i n  r a t s  
Figure 2: Terminal S of mossy t i  bers i n  t h e  granu I a r  I ayer of the  cerebel I a r  
nodulus cor tex  i n  r a t s  
F i gure 3: Term I na I s o f  mossy f i bers show i ng ear 1 y lldarkll degenerati on 
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P461(11/87)* K1 imovskaya LD, Kokoreva LV. 
Reactivity of  the sympathetic adrenal system and exercise tolerance under 
repeated exposure t o  a constant magnetic f ie ld .  
Kosmicheskaya B io log iya  i Aviakosmicheskaya Meditsina. 
20(6): 70-72; 1986. 
[12 references; 2 i n  Engl ish] 
Endocrinology, Sympathetic Adrenal System; Physical Work Capacity 
Rats, Males 
Radiobiology, Magnetic F ie ld ,  Constant; Physical Exercise 
Abstract: This experiment u t i  I ized a t o t a l  o f  170 male rats.  Experimental 
r a t s  were exposed t o  a constant ver t i ca l  magnetic f i e l d  w i t h  inductance o f  
1.67 T f o r  3 hours a day for up t o  30 days. Control r a t s  were no t  exposed 
t o  the  f i e l d .  Addi t ional  ly, experimental r a t s  (and some contro l  r a t s )  were 
forced t o  swim wi th  an a f f i x e d  weight equal t o  10% body weight i n  water a t  
32OC. For t h e  experimental animals these sessions occurred immediately 
a f t e r  days 1, 5, 15, and 30 of exposure t o  the magnetic f i e l d s  and 1 day 
a f t e r  t h e  l a s t  exposure. Physical work capaci ty was i d e n t i f i e d  as t h e  
length of t i m e  each animal swam before reaching t o t a l  exhaustion. A f te r  
exercise sessions r a t s  were apparently s a c r i f i c e d  and t h e i r  adrenal glands 
removed. Concentrations of adrenaline and norepinephrine i n  t h e  adrenal 
g I and and b 1 ood p I asma were determ i ned us i ng f I uorometry. 
Previous work has shown t h a t  exposure t o  a constant magnetic f i e l d  
increases t h e  amount of adrenal ine i n  a r a t ' s  blood, peaking a t  15 days, 
and t h a t  adrenal ine level  re tu rns  t o  normal w i t h i n  a week a f t e r  the  l a s t  
exposure. A f te r  the  exercise animals not exposed t o  t h e  magnetic f i e l d  
showed a s i g n i f i c a n t  increase i n  t h e  amount o f  adrenal ine i n  the blood, but 
e f f e c t  of exposure t o  t h e  magnetic f i e l d  on t h i s  response depended on 
exposure duration. Rats compelled t o  exercise a f t e r  1-15 days of exposure 
had adrenal ine leve ls  i n  the  blood higher than those associated w i t h  t h e  
e f f e c t s  of e i t h e r  fac to r  i n  iso la t ion.  Rats exposed t o  t h e  f i e l d  for  30 
days showed blood adrenal ine  concentrat ion lower than those associated w i t h  
e i t h e r  fac to r  alone. During the e n t i r e  exposure per iod concentrat ion o f  
catecholamines i n  t h e  adrenal gland were normal o r  s l i g h t l y  elevated. This 
i nd i cates t h a t  dur i ng the  i n i ti a1 period of exposure, i ncreased secret  ion 
o f  adrenal ine i n t o  the blood i n  response t o  exercise i s  compensated by 
enhanced resynthesis. The decreased secretion of adrenal ine i n  response t o  
exercise a f t e r  30 days o f  exposure t o  the f i e l d  cannot be explained by 
exhaustion of the gland's capacity. I t  is, however, poss ib le  t h a t  repeated 
exposure decreased the  s e n s i t i v i t y  of the sympathetic adrenal system. The 
two phases noted i n  secret ion o f  adrenaline t o  exercise dur ing exposure t o  
a magnetic f i e l d  are pa ra l l e led  by phases of response of work capacity, 
which increased subs tan t i a l l y  a f t e r  1-15 days o f  exposure and then dropped 
a f t e r  30 days of exposure. However, work capaci ty i n  t h e  r a t s  exposed for  
t h e  f u l l  per iod d i d  not  drop below control  levels, even though blood 
adrenaline leve ls  were below those of rats exposed t o  exercise alone. 
Table: Ef fects  of physical exercise on the amount of  catecholamines i n  t h e  
adrenal glands of r a t s  exposed t o  a constant magnetic f i e l d  of 1.6 T 
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2 3 4 
Figure 1: The effect of physical exercise on the amount of adrenaline in 
the blood of control rats and rats exposed for 3 hours daily to a constant 
magnetic field with inductance of 1.6 T 
1 - control; 2 - 1-15 day exposure; 3 - 30-day exposure; 4 - 1 day after 







Figure 2: Change (in 
quantity of adrenaline in blood after swimming in animals exposed for 3 
hours daily to a constant magnetic iieiu wi+h ifidiiztance cf 1.5 T 
1 -- 1-15 days of exposure; 2 -- 30 days of exposure; 3 -- 1 day after 30th 
exposure. White bars -- swimming time cross-hatched bars -- quantity of 
adrenaline in the blood after swimming. 
of control) in maximum duration of swimming and 
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P477( 11/87)* Makarovsk 
Var i a t  i ons i n hormones, 
biochemical indicators 
Kosmicheskaya B io log i ya  
21(1): 21-27; 1987. 
y VV, Reznikov YuP, Khalangot AF, Zinkovskaya SA. 
sugar, and electrolytes i n  the  blood as shown by 
n men undergoing hypodynam i a. 
i Aviakosmicheskaya Meditsina. 
[17 references; 9 i n  Engl ish] 
Endocr i no 1 ogy, Hormones, A I  dosterone, Testosterone, Hydrocor i sone, T3, T4; 
Humans, Men, Age Groups 
Hypodynamia; L i f e  Support Systems, Hermet ical ly Sealed Quarters; Physical 
Body Fluids, Blood Electrolytes;  Metabolism, Blood Sugar 
Exerc i se 
Abstract: I n  t h i s  study, 72 healthy men l i v e d  f o r  30 days i n  hermet ica l ly  
sealed quarters w i t h  constant temperature (20-24°C), a i  r f I ow (0.1 -0.3 
m/sec), r e l a t i v e  humidi ty (70-80191, concentrat ion o f  CO (0.3-0.6%), and 
concentrat ion of 0 (19-20.8k). 
43, and o f  group 3 (n=30) 48-59. Group 3 was fu r the r  d iv ided i n t o  two 
subgroups (n=10 each). Group 3b engaged i n  a d a i l y  exercise program from 
days 7-300 o f  seclusion, wh i l e  group 3a d i d  n o t .  Venous blood was 
taken a t  8:OO-9:00 a.m. on an empty stomach during 4 periods: before 
seclusion (per iod 01, on days 7-8 o f  seclusion (per iod 11, on days 14-15 o f  
seclusion (per iod 2) and days 29-30 (period 3). [Note: preceding procedure 
not spec i f i ed  i n  current  paper, taken from e a r l i e r  paper i n  Digest issue 
10, P426( 10/87)* page 59.1 Concentration of hormones, hydrocortisone, 
aldosterone, testosterone, 3,5,3'-tr i iodothyron i ne (T31, and thyrox ine 
(T4) were determined using r a d i o  immune assay. Concentrations o f  sugar, 
potassium, sodium, and ch lo r i des  i n  blood serum were a lso measured. 
The men were div ided i n f o  3 groups on the  
basis o f  age. Mem ?I ers o f  group 1 (n=16) were 19-21, o f  group 2 (n=26) 25- 
I n  the basel ine (0) period, s i g n i f i c a n t  d i f ferences were found among t h e  
age groups i n  concentrat ions o f  aldosterone, testosterone, T3, sugar, 
potassium, sodium, and chlorides. Over t h e  course o f  t he  hypodynamia 
period, l eve l s  o f  hydrocort isone changed i n  a c y c l i c  manner i n  a l l  groups, 
w i t h  the highest level noted a t  t he  end o f  per iod 1 and t h e  lowest a t  t h e  
end o f  per iod 2. Fluctuat ions i n  level o f  aldosterone were a lso noted, but  
those i n  the o ldes t  age group d i f f e r e d  from those i n  the  other two. 
Concentrations of testosterone decreased, increased, and then decreased 
again i n  a l l  groups. In  the youngest group T3 continued t o  drop throughout 
hypodynamia; i n  the middle group t h i s  level dropped i n i t i a l l y  and then 
maintained t h e  new level; i n  the  oldest group i n i t i a l  concentrat ion rose 
and then dropped i n  the exercise subgroup, but  not the other, and T3 
eventual ly dropped t o  basel ine level. Concentration o f  T4 showed less 
v a r i a t i o n  than T3 i n  a i  I groups. I n  the two younger groups, blood sugar 
i n i t i a l  l y  dropped, rose, then dropped again. I n  the  o lder  group, blood 
sugar dropped, s t a b i  I ized, and then rose. Potassium dropped i n i t i a l  l y  i n  a l  I 
groups and then rose i n  groups 1 and 3a (no exercise). I n  t h e  youngest 
group sodium decreased throughout the experiment. 
increased and then dropped. In  the  oldest group d i f ferences i n  sodium 
concentrat ion were s l i gh t .  I n  the two youngest groups changes i n  ch lo r i des  
p a r a l l e l e d  those i n  sodium. I n  the  older nonexercising group, ch lo r i des  
increased by t h e  end o f  per iod 2 and then dropped. I n  the o lde r  exerc is ing 
group ch lo r i de  leve ls  were stable. Correlat ion c o e f f i c i e n t s  between 
concentrat ions of p a i r s  of substances measured were computed separately f o r  
each group. 
I n  the  middle group it 
I t  was found t h a t  corre la t ions between t h e  same p a i r s  o f  
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substances varied in magnitude and even sign for different groups. In 
general, the older exercising group showed correlations between 
concentrations of substances which were attenuated compared to those of the 
nonexerci si ng group. 
The authors conclude that the results show that during 1 month's adaptation 
to hypodynamia in a hermetically sealed environment, no stabilization of 
biochemical parameters occurs. Only in older subjects who performed regular 
exercises d i d  many of the biochemical parameters of the blood 
(hydrocort i sone, a I dosterone, testosterone, T3, ch I or i des, and to a 1 esser 
extent T4, sugar and potassium) approach basel ine values. According to a 
the theory of Parfenova, adaptation to hypodynamia reaches the third stage 
of adaptation, characterized by stabilization of functional parameters 
(e.g., pulse rate) only during days 30-60 of exposure. 
Table 1: Concentration of hormones, sugar and electrolytes in blood serum 
in healthy males in a baseline period 
Table 2: Changes in biochemical parameters of blood in healthy males 
in a closed life-support environment 
Table 3: Correlation coefficients between biochemical parameters of b 





(See also: Nut r i t ion :  P475) 
P495( 11/87)* Serebrovskaya TV, Krasyuk AN, Fedorovich VN. 
I soenzyme composition of I actate dehydrogenase i n the b I ood i n humans in  
response t o  repeated exposure t o  acute hypoxia and i t s  relationship t o  
level of physical work capacity. 
Kosmicheskaya B io iog i ya  i Aviakosmicheskaya Meditsina. 
[20 references; 5 i n  Engl ish] 
Enzymology, Lactate Dehydrogenase, Isoenzyme Spectrum 
Humans, Ma i es 
Adaptation, Hypoxia; Physical Exercise 
21(11: 87-89; 1987. 
Abstract: Subjects i n  t h i s  experiment were 8 heal thy males, aged 20-28, 
vary i ng i n phys i ca I f i tness, 
vary ing between 28-70 ml/min/kg. Subjec s were condi t ioned over 5 days t o  
hypoxia by d a i l y  20-minute sessions o f  breathing a hypoxic mix tu re  w i t h  10% 
0,. Minute resp i ra to ry  volume was recorded w i t h  a volumeter, and 
analyses performed on a mass spectrometer. 
using a Douglas-Holden curve, and s e n s i t i v i t y  t o  hypoxia through reverse 
breathing of C02. Blood was taken from the  median c u b i t a l  ve in  before and 
a f t e r  t h e  ser ies  of t r a i n i n g  sessions. Erythrocytes were isolated, 
washed, and subjected t o  hemolysis. The isoenzyme spectrum of l a c t a t e  
dehydrogenase i n  the  hemolysate was determined by electrophoresis 1 hour 
a f t e r  rap i d thaw i ng. Dens i tometery was performed, 
Results showed t h a t  condi t ion ing t o  hypoxia g ives r i s e  t o  changes i n  the  
general a c t i v i t y  of  lac ta te  dehydrogenase i n  a hemolysate o f  human blood as 
we1 I as i n  i t s  isoenzyme spectrum. Overal I enzyme a c t i v i t y  increased by 
34%. There were increases i n  the  a c t i v i t y  o f  a l  I enzyme fract ions,  but  t h e  
on ly  s i g n i f i c a n t  changes occurred i n  the sum o f  aerobic f r a c t i o n s  ( increase 
o f  29%). Although anaerobic f r a c t i o n  a c t i v i t y  increased by 121$, 
substant ia l  ind iv idua l  d i f ferences caused t h i s  t o  fa1 I shor t  o f  s t a t i s t i c a l  
s igni f icance. Proport ion of aerobic f ract ions i n  t o t a l  concentrat ion o f  
l a c t a t e  dehydrogenase remained v i r t u a l l y  unchanged wh i l e  t h a t  o f  anaerobic 
f r a c t i o n s  increased by a factor  of more than 2. 
condi t ioned t o  hypoxia there was less increase I n  v e n t i l a t i o n  i n  a steady 
state, and I ess pronounced decrease i n oxygen consumpti on. Oxygen 
consumption c o e f f i c i e n t  increased from 22.1 on t h e  f i r s t  day t o  29.4 on t h e  
f i f t h  day. 
consumption under hypoxic condi t ions and changes i n  l a c t a t e  dehydrogenase 
a c t i v i t y :  t h e  greater the increase i n  lactate dehyrogenase a c t i v i t y  due t o  
hypoxic condi t ioning, the  smal ler  the decrease i n  V02 under exposure t o  a 
hypoxic medium. The study a lso  revealed a s i g n i f i c a n t  p o s i t i v e  associat ion 
between an ind iv idual 's  i n i t i a l  level  of l a c t a t e  dehydrogenase a c t i v i t y  and 
h i s  physical  work capaci ty and maximal aerobic p roduc t iv i t y .  Ind iv idua ls  
w i t h  higher i n i t i a l  leve ls  of  physical  work capaci ty showed lower increases 
i n  a c t i v i t y  of aerobic f rac t ions  and greater increases i n  anaerobic 
f rac t i ons  a t t r i b u t a b l e  t o  hypoxic conditioning. An inverse re la t i onsh ip  
was noted between ven t i l a to ry  s e n s i t i v i t y  t o  hypoxia and increase of 
anaerobic f rac t i ons  r e s u l t i n g  from condit ioning. 
a t  exercise t o  exhaustion 
and with "Pmax 
gas 
Gas exchange was determined 
As subjects were 





Figure 1: Change i n  respiratory minute volume and oxygen consumption during 
conditloning t o  hypoxia 
Figure 2: Correlations between physical work capacity, maximum oxygen 
consumption, sensit iv i ty  t o  hypoxia and isoenzyme composition of lactate 
dehydrogenase i n  erythrocytes 
EQU I WENT AND I MTRUIENTAT I ON 
(See also: Nutrition: P475; Operational Medicine: CR5; Perception: P500) 
PAPER: 
P494(11/87)* Drozhzhin VM. 
Autmatlon of research on operator performance. 
Kosmlcheskaya Biologiya i Aviakosmicheskaya Meditsina. 
21 ( 1  1: 78-80; 1987. 
[2 references; none in Engl ish] 
Equipment and Instrumentation, Automated Research System 
Humans, Operators 
Human Performance, Tracking; Cardiovascular and Respiratory Systems, EKG 
Par ame t er s 
Abstract: This paper describes a mlcrocomputer-based system for automating 
physiological studies of operator performance. The system consists of 4 
microcomputers connected via a parallel interface. The hierarchical 
computer system has 2 levels: the lower level involves 3 computers which 
perform preliminary processing of cardiograms (with bipolar chest leads), 
p I ethysmograms, pneumotachograms, systol i c pressure i n the ear 1 obe, 
myograms, and also data on gravitational force; at the upper level is a 
single computer which performs integrated evaluation of the state and work 
capacity of the operator, and also receives and processes signals related to 
body temperature, and tracking performance. Preliminary processing of 
physiological curves on-line include parameters such as: identification of 
R-R intervals; computation of heart rate and of an arrhythmia index; 
display of a rhythmogram on the screen; Indication of extrasystole; 
cornputation of ejection time, stroke and minute volumes; respiratory rate 
and m i nute vol ume; systol i c pressure in ear 1 obe; mean amp I i tude of myogram 
over set tlme intervals; calculation of discrepancies and evaluation of 
work capacity for tracking task; computation of latency to respond to a 
light stimulus; calculation and evaluation of skin and rectal temperature. 
The experimenter's screen shows current value of the major physiological 
parameters of the card i ovascu I at-, resp i ratory, and sensor i motor systems, 
critical information about the presence of various extrasystoles; drop in 
certain parameters below acceptable values; and a composite risk index 
characterizing general stress. Another llengineering" screen displays 
parameters related to the technical running of the experiment. 
gure 1 : One- I eve1 mu It i processor system 
gure 2: Two-level multiprocessor system 
gure 3: Three-level multiprocessor system 
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(See also: Adaptation: M105; N u t r i t i o n :  P475; Radiobiology: P470) 
PAPERS: 
P453( 11/87) Medkova I L, Zhi znevskaya OV, Sm i rnov V I, Lebedev V I ,  Artamasova 
YeM. 
Change i n  t h e  concentration of b i l e  acids and l i p i d s  i n  human b i l e  during 
hypokinesia with head-down tilt with and without countermeasures. 
Kosmicheskaya B io log i ya  i Aviakosmicheskaya Meditsina, 
[9 references; none i n  Engl ish] 
20(6): 31-37; 1986. 
Gastointestinal System, B i l e  Acids and L ip ids;  Metabol ism, Calcium 
Humans, Males 
Hypokinesia w i th  Head-Down T i l t ,  Long-term; Countermeasures, Physical 
Exerci se, Drugs 
Abstract: Subjects i n  t h i s  experiment were 15 healthy men, aged 30-40, 
subjected t o  120 days of bed r e s t  w i t h  head-down ti it o f  -4.5O. 
subjects were d iv ided i n t o  4 groups: group 1, t h e  cont ro l  group (N=3) 
received no prophylact ic measures; group 2 (N=4) fo l lowed a program of  
physical exercise; group 3 (N=4) was given a s e t  of pharmacological 
preparations, Inc lud ing xydiphon t o  normalize calcium metabolism; group 4 
(N=4) received both exercise and drugs. [Note: these are undoubtedly t h e  
same subjects as were s tud ied i n  P451 (Cardiovascular and Respiratory 
Systems). Duodenal in tubat ion  was performed dur ing  the  basel ine per iod  and 
on days 20, 67, 90, and 112 o f  hypokinesia,  as we1 I as on days 7 and 20 o f  
t he  recovery period. Chromatography was used t o  determ i ne the  q u a n t i t i e s  
o f  b i l e  acids and b i l e  l i p i d s  i n  por t ions  B and C. Calcium concentrat ion 
was a I so determ i ned. 
The 
Subjects i n group 1 (cont ro I 1 d i sp I ayed an i ncrease i n taurocon jugates 
ea r l y  i n  hypokinesia fo l lowed by a decrease t o  basel ine and a drop below 
base I i ne dur ing recovery. A s i m i 1 a r  pa t te rn  occurred w i t h  g l  ucocon jugates. 
Thus, t o t a l  b i l e  acids increased and then decreased. I n  both duodenal 
portions, t he  r a t i o  o f  cholates t o  cholestero l  decreased dur ing hypokinesia 
i n  t h i s  group. 
cholesterol increased. Concentration o f  l i p i d  complexes a l so  increased 
l a t e  i n  hypokinesia. The concentrat ion of calcium i n  both por t ions  o f  t he  
b i  I e increased i n  these subjects, p a r t i c u l a r l y  toward t h e  end of t h e  
treatment. Group 2 subjects d i sp  I ayed an increase i n taurocon jugates dur ing 
hypokinesia, fo l  lowed by a decrease dur ing recovery. A s i m i l a r  pa t te rn  
occurred w i t h  g I ucocon jugates, but  d i f ferences were observed between the  
two portions. Total b i  I e acids increased i n  group 2 dur ing treatment, bu t  
had decreased by day 20 of recovery. The r a t i o  o f  glucoconjugates t o  
+ewcmn juga te+  i n  t h i s  group had dropped sharply by day 90 o f  t he  
treatment and subsequently normalized by day 112 i n  p o r t i o n  C. 
a decrease i n  t h e  r a t i o  of phosphol i p ids  t o  cholesterol,  and a tendency f o r  
l i p i d  complexes t o  decrease. There were c y c l i c a l  f l uc tua t i ons  i n  level  o f  
calcium i n  both b i l e  po r t i ons  i n  t h i s  group. Subjects i n  group 3 displayed a 
pa t te rn  of change i n taurocon jugates ( i ncrease then decrease) s i m i I ar t o  
t h a t  shown i n  the  f i r s t  two groups. There was a l so  a tendency for 
glucoconjugates and t o t a l  b i l e  ac ids t o  increase. The r a t i o  Of 
glucoconjugates t o  tauroconjugates decreased s i m i l a r  t o  subjects i n  group 
Beginning on day 67, t h e  r a t i o  of phospholipids t o  
There was 
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2, while the ratio of phospholipids to choiesterols tended to increase. 
This group displayed a decrease in the concentration of lipid complex in 
portion B during both hypokinesia and recovery, as well as decrease of 
calcium concentration (to 30% baseline) in portion B and an increase in 
portion C to (420%) followed by a decrease. Group 4 subjects displayed an 
increase of tauroconjugates in both portions during hypokinesia. On day 20 
level of glucoconjugates had dropped by a factor of 2 in portion 6, with no 
change in portion C. On day 67, this level increased in both portions. In 
both bile portions, group 4 subjects showed a nonsignificant tendency for 
total bile acids to increase toward the end of hypokinesia. The ratio of 
gl uco- to tauroconjugates f iuctuated cycl ical ly throughout the experimental 
period. The choi ate/chol esterol rat io increased due to an increase i n 
cholates, while the ratio of phospholipids to cholesterol was elevated 
during various periods, because of a drop in cholesterol. The changes in 
calci um concentration in this group were sim i I ar to those in group 3 
except that the elevation in calcium was less marked. 
i 
Results of this study showed that the total concentration of bile ac 
dropped by the end of hypokinesia in the group 1 (hypokinesia alone) 
subjects, while in the other subjects it remained elevated. 
ds had 
The-l eve1 of cholesterol esters in blood serum increased sharply starting on 
day 72 of treatment in group 1 subjects. This, in addition to the 
decreased concentration of cholates in the bile suggests disruption of 
cholesterol transformation in the bile acids. In groups 2-4, there was no 
evidence of hypercholesteremia, which may be associated with optimization 
of the synthesis of bile acids from cholesterol. Because of the 
combination of low levels of bile acids and high total calcium and cholesterol 
in the bi le, it may be hypothesized that groups 1 and 2 demonstrated the 
greatest potential for development of gall stones. In group 2 
subjects the predominance of bile tauroconjugates over glucoconjugates 
indicates lateralization of the synthetic function of the liver. Subjects 
in group 3 and 4 showed increased synthesis of bi I e acids, and decreased 
levels of total calcium and cholesterol in the bile. These effects were 
more pronounced in group 4. However, these groups also displayed changes 
(decrease in concentration of lipid complex, possibly due to decrease in 
phospholipid concentration) which may be dangerous with regard to 
gall stone formation. These results underscore the need for further 
research to discover countermeasures to normalize the synthetic function of 
the 1 iver under conditions of hypokinesia. 
Table: Changes in concentration of bi I e acids in bi I e of humans undergoing 
hypok i nes i a with head-down ti I t, with and without countermeasures 
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P455(11/87)* Goland-Ruvinova LG, Pechenkina RA, Goncharova NP, Smirnov K V .  
Hydrolysis, transport and utilization of carbohydrates under conditions of 
curtailed motor activity. 
Kosmicheskaya Biologiya i Aviakosmicheskaya Meditsina. 
[ 9  references; 2 in Engl ish] 
20(6): 41-47; 1986. 
Gastrol ntest I na I System, I ntest i ne, Hydro1 y is and Transport; Metabol Ism, 
Rats 
lmmobi I izatlon; Psychology, Stress 
Abstract: Subjects in this experiment were white male rats in which motor 
activity had been curtailed by use of an immobilization cage. The rats 
were fed dried food and unlimited water. Provocative tests using 1.5 g per 
1 kg body weight of poly-, oligo- and monosaccharides (starch, maltose, 
glucose) were performed as a means of studying gastric and intestinal 
carbohydrate hydrolysis, transport and uti I ization of glucose produced by 
hydrolysis of starch and maltose, the resorption function of the small 
intestine and utilization of glucose by the tissues. The glycemic curve 
obtained after polymer (starch) loading reflects the status of the 
resorptive mechanism. The level of glucose in the blood was determined 
fasting and 30, 60, 90, and 120 minutes after carbohydrate loading. 
Concurrently the experimenters measured the alpha-amylase activity in a 
homogenate of pancreatic tissue, and a1 pha-amy I ase, I nvertase, ma I tase, and 
gamma-amyl ase in a homogenate of the duodenal mucosa and smal i intestine. 
Concentrations of radioimmune Insulin and glycogen in blood were also 
measured. Tests were performed on 250 animals on days 3, 7, 15, 30, 60, 
and 90 of lmmobil ization and, In a number of cases, after 120 days. Results 
were compared with those of control animals and tested statistical ly. 
Carbohydrates; Endocrinology, Pancreas 
Results are shown in detai I in Figures 1-3. The authors concl ude that 
during the early days of hypokinesia, activity of carbohydrases responsible 
for gastric and intestinal carbohydrate hydrolysis increases, accompanied 
by hyperglycemia and rapid utilization of carbohydrates. This is 
associated with the nonspecific responses of the organism to restricted 
movement, By day 30 hypokinesia depresses carbohydrate hydrolysis and 
transport systems, and hypoglycemia develops while glucose uti I lzation is 
not disrupted. During this period, glycolytic and especial ly oxidative 
carbohydrate metabol i sm is decreased and sens i t iv i ty to i nsu I i n is 
heightened. After sti 1 I longer hypoklnesia, carbohydrate hydrolysis and 
transport systems undergo an adaptive reaction: pancreatic amylase 
[activity] is depressed, w h  I I e the enzyme-transport system of the smal I 
intestine and resorption of glucose is heightened somewhat. At the same 
time, glycemic curves become attenuated, suggesting retardation of glucose 
uti1 ization. This results from changes in the endocrine portion of the 
, J U ~ ~ ~ ~ ~ ~ ~ .  
homeostas is prevents norma I g I ucose uti I i zat 1 on. At the same ti me, 
activation of pancreatic amylases in the blood and intestinal 
disaccharidases ensures that glucose is supplied to the tissues and blood 
glucose level remains high. 
- -...-ChlC The !sck cf ha!sncn ? n  the systems responsible for glucose 
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Figure 1. Glycemic curves of ra ts  w i t h  I imited motor act iv i ty .  - a f t e r  starch, maltose, and glucose respectively. a - control; b - g -- on 
days 3, 7, 15, 30, 60 and 90 of l imited motor ac t iv i ty ,  respectively. 
Abscissa - duration of  exposure t o  limited motor a c t i v i t y  ( i n  min.)  
[Sic.: an obvious error, abscissa i s  almost cer ta in ly  t ime in  minutes 
a f t e r  probe.] 
I ,  I I, I I I 
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Figure 2. Pancreatic amylase a c t i v i t y  i n  r a t s  experiencing l i m i t e d  motor 
a c t i v i t y .  1 - pancreat ic t issue; I I  - mucous membrane of the duodenum. 
Abscissa - durat ion of I im i ted  motor a c t i v i t y  days. 
cross-hatched -- experimental group. 
White bars -- control,  
F igure 3: Carbohydrase spectrum of small i n tes t i ne  of r a t s  experiencing 
l i m i t e d  motor a c t i v i t y .  
a - proximal section; b - d i s t a l  section. White bars - contro l ;  cross- 
hatched - experimental animals. 
1 - alpha-amylase; I I  - invertase; I l l  - maltase. 
GROW DYNMI CS 
PAPER: 
P466(11/87)* Terelyak Yan (Poland). 
Group dynamics and perforrrance efficiency under extreme conditions. 
Kosmicheskaya B io log iya  i Avlakosmicheskaya Medltslna. 
Z O ( 6 ) :  82-83; 1986. 
[9 references; 9 i n  Engl ish] 
Group Dynamics, Psychology, Aggression; Human Performance, Cogni t ive 
Humans 
Adaptation, Social Adaptation, Isolat ion, Antarc t i ca  
Abstract: This paper summarizes the r e s u l t  o f  s tud ies o f  1-year res idents  
o f  a po la r  Antarc t i c  stat ion. One such study establ ished t h a t  aggressive 
behavior increases w i th  durat ion o f  isolat ion. This  aggression i s  described 
as adapt ive i n  nature and there fore  control lable. Physical aggression peaks 
during t h e  middle o f  t he  I s o l a t i o n  period ( the  winter), suggesting 
t h a t  t h i s  I s  t he  most d i f f i c u l t  per iod w i th  regard t o  adaptation t o  monotony. 
Verbal aggression peaks a t  t h e  end of  the i s o l a t i o n  period, and I s  
described as a type of compensation fo r  extended pauci ty  of sensory 
s t imulat ion.  A l-hour t e s t  o f  cogn i t i ve  performance invo lv ing  numerical 
computation was adm I n I stered repeated I y a t  2-month i nterva I s. Wh i 1 e no 
overa l l  decrease In  cogn i t i ve  performance was noted as durat ion of 
i s o l a t i o n  increased, cogn i t i ve  fa t i gue  developed more rap id ly ,  which the  
authors descr ibe as suggestlng nonspecific cogn i t i ve  det r iment  re la ted  t o  
sensory depr ivat ion and monotony. A study based on t h e  sympathy-antipathy 
dimension o f  the informal soc iometr ic  s t ructure o f  the  group spending a 
year a t  t h e  polar  s t a t i o n  I d e n t i f i e d  three types of  soc ia l  adaptation. The 
f i r s t ,  c a l l e d  lkonservative,ll was appl led t o  those who maintained a 
r e l a t i v e l y  good p o s i t i o n  on the  approval scale throughout t h e  period o f  
iso la t ion.  Ind iv idua ls  o f  t he  llfluctuatinglf type showed cyc l  IC 
o s c i l l a t i o n s  In t h e i r  approval ra t ing;  such Ind iv idua ls  tended t o  be those 
who demonstrated independence from t h e  group and p e r i o d i c a l l y  remained 
outs ide It. The tlmaIadaptIvetf type showed large changes i n  soc ia l  
adaptation, most f requent ly  associated with decrease I n  p res t i ge  or 
sympathy. 
E f f  ic lency and Fat igue 
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(See also: Adaptation: P480, P497; Biospherics: BR11; Radiobiology: P477) 
PAPERS: 
P474( 11/87)* Kal andarova MP. 
The effects of space flight factors on hemopoiesis. 
Kosmicheskaya Biologiya i Aviakosmicheskaya Meditsina. 
1 1  1 1  references; 34 in Engl Ish] 
Hematology, Hemopoiesis, Hemoglobin, Erythrocytes; Musculoskeletal System, 
Bone Marrow, Bone Degeneration 
Rev i ew Paper, Humans, Cosmonauts , An i ma I s 
Adaptation, Space Flight Factors 
20(61: 7-17; 1986. 
Abstract: This paper presents a rather thorough review of Soviet research 
on effects of actual and simulated space flight factors on hemopoiesis. 
The author points out that in order to evaluate the limits of adaptation, 
one must have some information about normative values and suggests 1k1.5 
sigma (standard deviation) to represent the norm. Data on changes in 
quantities of hemoglobin and erythrocytes In space fl ight and hypokinesia 
for animals and humans are not consistent. 
exam i nations of cosmonauts and f I ight an i mal s, have not shown decreases i n 
the quantity of erythrocytes or dry erythrocyte weight. 
after space flight is important for determining whether hydremia or 
pachyhemia occurs in response to space flight factors. The data reviewed 
showed that, in genera 1 ,  hematocrit f I uctuated w i th i n normal 1 i m its after 
space flight although tending to approach the lower i imit of the norm. An 
exception to this was a 63-day Soviet flight after which cosmonauts 
displayed a hematocrit decreased to 34-38% of the norm during postflight 
observation. The author recommends the use of normal 1 imits rather than 
individual or group baseline levels as a criterion against which to judge 
space flight-engendered changes in hematocrit. Immediately postflight, the 
number of ret i cu 1 ocytes tends to be reduced, al though marked 
reticulocytosis may occur later. A postflight tendency to microcytosis, and 
spherocytosis in erythrocytes has been noted, but other studies have 
revealed macrocytosis. Data on changes in osmotic resistance of 
erythrocytes after space flight or hypokinesia are somewhat contradictory, 
although there are strong indications of some decrease in osmotic 
stability. Although some data contradict these findings, the author states 
that the tendency to microspherocytosis, decrease in osmotic resistance of 
erythrocytes (suggesting a relative increase in the proportion of old 
erythrocytes), and small decreases in reticulocytes and erythrocytes 
regeneration of red cel Is in cosmonauts during space flight. This is 
confirmed by the resu I ts of studies on rats showing decreased 
erythropoiesis. Hyporegeneration of erythropoiesis may lead to anemia and 
a number of Soviet studies have revealed decrease in serum iron, overall 
iron-binding capacity of serum, and decrease in iron concentration in 
hemoglobin. Generally iron deficit is accompanied by lowered resistance to 
infection, which has been noted in some cosmonauts. Decrease in 
erythropoietin in blood has been noted after long-term space flights and 
A number of postf 1 ight 
Data on hematocrit 




hypok i nes i a. However, increased erythropo i et i n has been observed after 
brief flights. Inhibition of erythropoiesis during space flight in the 
process of physiological regeneration of bone marrow may result from 
lowered demands for erythrocytes under weightlessness due to a lower level 
of motor act iv i ty. 
development has been well established. Because of the close connection 
between bone tissue and bone marrow, decreased erythropoiesis in space may 
also be associated with destructive processes in bone. When trying to 
explain decreased erythropoiesis in space, it is important to distinguish 
between possible explanations based on hypoplasia of bone marrow and those 
based on physiological decrease in hemopoiesis, since the first process is 
irreversible and the second reversible. The author bel ieves that the 
1 atter process is the more 1 ikely explanation. 
The correlation between erythrocytes and muscle 
Table: Parameters of red blood in the norm in normal males ( 1 )  and male 
cosmonauts (2) 
Parameter Group 
Erythrocytes, 1 O6 1 
Hemoglobin, g% 1 
2 
2 




Mean erythrocyte diameter, urn 1 
2 
Osmotic resistance erythrocytes 1 
max i mum 
mi n imum 2 
Reticulocytes, % 1 




























0.338 0.336 0.340 
b 
'm i n-Xmax 
-- 
4.72-5.15 








6.7-7.7 -- -- 
-- 
Figure: Changes in quantity of erythrocytes (a), hemoglobin (b), 
reticulocytes (c), and hematocrit parameter (dl in cosmonauts postflight. 
Dark bars - flights of 16-18 days, white bars - flights of 30-175 days. 
- P<0.05, * *  - P<O.OOl with respect to comparison to baseline. 
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P502(11/87) Agafonova NA, Lunina NV. 
The effect of alpha-tocopherol acetate on the response of the lysosome 
system of neutrophi I i c  leukocytes t o  inrnobi I ization stress. 
Fiziologicheskiy Zhurnal. 
33 ( 1 1 : 57-63; 1 987. 
[20 references; 5 in Engl ish] 
Authors' aff i I iation: T.G. Shevchenko Pedagogic Institute, Voroshi lovgrad 
Hematology, Lysosomes, Neutrophilic Leukocytes 
Rabbits 
Psychology, lmmobi 1 ization Stress, Countermeasures, AI pha-tocopherol 
Abstract: Subjects in this experiment were 50 rabbits of both sexes who were 
immobil ized on their backs for 7 hours. Haif were considered 
controls; the other half had been given alpha-tocopherol acetate ( 1  mg per 
1 kg body weight), an inhibitor of lipid peroxidation, for 12 days prior to 
treatment. Blood parameters were measured during the baseline period 
and 3 hours, and daily for 6 days after the treatment. Parameters 
investigated were: number of leukocytes and neutrophi Is in peripheral 
blood, number of myelocaryocyte (nucleus containing myelopoietic cel Is), 
partial granulocytes in bone marrow, number of neutrophil leukocytes in 
peripheral blood smears, and the activity of marker lysosomal enzyme to 
acid phosphatase. Parameters of the kal 1 ikrein bridge, indicative of the 
state of the clotting, fibrinolytic, kal 1 ikrein and complement systems were 
measured: cold activation of the kallikrein bridge between Stormorken 
factors X I  I and VI I, activity and activators of plasmin in euglobul ins 
thrombin time, recalcification time, concentration of fibrinogen, kaolin 
cephalin time, and complement level in 50% hemolysis. 
As in the control group, animals given alpha-tocopherol acetate developed 
neutrophilic leukocytosis after immobilization, but it lasted a shorter 
time and was less pronounced than in control animals. Similarly, 
activation of granulocytopoiesis was less long-lasting and pronounced in 
treated animals. Acid phosphatase activity in experimental animals reached 
a maximum (3.8 times normal values) on day 1 after immobi I ization, while in 
control animals a level 6 times normal was reached on day 2. The 
coagulation system was activated after immobilization in both groups of 
animals, but to a less pronounced extent in those given alpha-tocopherol. 
Experimental animals showed less inhibition of fibrinolysis than controls. 
Prothrombin time decreased after immobll ization in both groups, but in 
subjects receiving the antioxidant this effect was less marked and recovery 
faster. Complement activity increased more in control animals. Finally, 
46% of the control animals died by days 3-5 after the experiment, while 
only 15% of the experimental group died. 
The authors summarize thei r f i nd i ngs by stat i ng that i mmob i i i zat i on I eads 
to pronounced neutrophilic leukocytosis and circulation of lysosomal 
enzymes of neutrophilic leukocytes. In addition, an imbalance in the 
functioning of the systems dependent on the Hageman factor occurs. 
part i cu I ar, wh i 1 e there is strong act ivat i on of hemocoagu i at i on, 
kininogenesis and complement systems, fibrinolysis is inhibited. 
Under these conditions the most important regu I atory systems become 
pathogenetic factors, as indicated by the death of the subjects. When 




o f  lysosomes o f  a l  I tissues, extent  and durat ion o f  neutrophi I i c  
leukocytosis and i n f l u x  of  lysosome enzymes o f  neutrophi ls  i n  c i r c u l a t i n g  
b I ood are moderated. Thus, t he  effects on the  coagu I a t  i on, k i n i ogenes i s, 
comp I ement, and f i b r  i no 1 ys I s systems are I ess pronounced and death r a t e  
decreases by a fac to r  o f  2. 
Table 1: E f fec ts  o f  alpha-tocopherol acetate on concentrat ion o f  
neutrophi ls  i n  peripheral blood and bone marrow tissue, and on the  
number o f  lysosomes w i t h  neu t roph i l i c  leukocytes a f t e r  immobi l izat ion 
s t ress  
Table 2: E f fec ts  o f  alpha-tocopherol acetate on a c t i v i t y  o f  ac id  
phosphatase and ce r ta in  parameters of the hemostasis system a f t e r  
immobi I i z a t i o n  s t ress 
Table 3: Ef fec ts  of alpha-tocopherol acetate on t h e  “kal I i k r e i n  bridge” and 
complement a c t i v i t y  a f t e r  immobi I izat ion s t ress  
HUMAN PERFORMANCE 
(See also: Adaptation: P480, P497; Aviation Physiology: P496; Equipment and 
I nstrumentationL P494; Group Dynamics: P466: Neurophysiology: P449; 
Operational Medicine: CR5; Perception: P500; Psychology: P499, M107) 
PAPERS: 
P476( 11/87)* lose1 iani KK, Ryzhov BN. 
Relationship between information processing and e f f o r t  and operator 
cognitive performance [L i te ra l  I y: I nformation-act ivation r a t i o  and 
psycho I og i ca I work capac i ty of operators] 
Kosmicheskaya Biologiya i Aviakosmicheskaya Meditslna. 
[12 references; none in Engl ish] 
21(1): 17-21; 1987. 
Human Performance, Information Processing, Cognitive Performance, 
Humans, Pi lots, Patients 
Psycho 1 ogy, Mot i vat i on, Effort 
Efficiency 
Abstract: This study uti I lzed three groups of pi lots. 
contained 15 men who had been referred for examination because of moderate 
f unct i ona I d i sorders (aftermath of m i I d concuss ion, neuroc i rcu 1 atory 
distonia, autonomic vascular instability, etc.). Group 2 contained 12 
operators w i th more severe medica 1 d i sorders (stage 1 hypertension, 
gastritis, early ischemic heart disease, etc.). Group 3 consisted of 18 
apparently healthy pilots. Observations and history indicated that a l l  
members of group 3 and the majority of group 1 were highly motivated to 
succeed at the experimental task, bel ieving it would enhance their fl ight 
certification chances. 
to this task. The task involved a display panel with 10 light displays 
which were matched with 10 buttons. The operator was instructed to push 
the appropriate button when a 1 ight flashed. 
to a random pattern at 5 different rates, ranging from 1 per second to 1 
per 0.4 second. An operator worked at each rate for a total of 2 minutes. 
Information-processing capacity for each rate was determined for each 
operator. Psychological cost (or effort) of performance was determined on 
the basis of heat rate, respiration rate, minute respiratory volume, and 
temperature of the palm of the left hand. Eff lciency of performance (E) 
was considered to equal: E = l*(l-G), where I is information processing 
capacity in bits per second, and G is an index of stress based on 
physiological indicators and varying between 0 and 1. Relationship between 
physiologically manifested effort (stress) and information presentation 
rate was positive and approximately linear for all presentation rates for 
groups 1 and 3. In group 2, effort increased 1 inearly with rate only up to 
the point of 6 bits/second; after this point, further increases in rate led 
-!-e d e r r e ? ~ ~  i n  offer+. !nforme+ion-pro~ess!ng performance degraded more 
rapidly with increases in rate for subjects in group 2 than in group 3, 
with group 1 occupying an intermediate position. Motivated operators 
showed signs of increased effort (changes in position, perspiration) as 
rate increased, whi 1 e operators in the less motivated group did not. At a 
moderate presentation rate of 5-6 bits/second there were only negl igible 
differences in the efficiencies of the three groups. At high rates, highly 
motivated groups were more efficient, while less motivated subjects were 
more efficient at low rates, where all groups performed with virtually 
The first group 
Members of group 2 were less motivated with respect 
Lights were flashed according 
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100% accuracy. The authors concl ude tha t  these resu I t s  suggest t h a t  
measures of p roduc t i v i t y  a re  i n s u f f i c i e n t  for diagnosing work capacity. 
They f u r t h e r  conclude t h a t  r a t e s  o f  presentation of 5-6 bit /second are  best 
f o r  t e s t i n g  ind iv idua l  work capaci ty fo r  sensorimotor tasks. 
Figure 1: Psychophysical cos t  for operators working a t  var ious rates.  
F igure 2: Information-processing capacity a t  var ious work rates.  
F igure 3: Ef f i c iency  of performance a t  var ious work rates.  
5 1  
P491(11/87)* Denisov AF. 
Psychological state in air traffic controllers during job performance, 
Kosmicheskaya Biologiya i Aviakosmicheskaya Meditsina. 
[12 references; none in Engl ish] 
21 ( 1  1 :76-78. 
Psychology, Psychological State 
Humans, Air Traffic Controllers 
Human Performance, Workload, Performance Quality 
Abstract: Subjects in this multiyear study were a total of 70 air traffic 
controllers (aged below 35, mean time in job 7 years), subdivided into 2 
groups on the basis of expert evaluation of their overall job performance 
(group 1 = successful, group 2 = less successful). A number of parameters 
indicative of psychological state were measured before and after a work 
shift during periods of relatively light or heavy air traffic. Parameters 
measured were: indices of anxiety and activity derived from the Luscher 
Color Test (activity is a measure of preference for ’‘active” colors); 
measured static tremor, a coefficient of impulsivity (ratio of errors to 
time to traverse a maze with a tremograph); amount of perspiration, overal I 
performance on a tapping test; and index of endurance derived from tapping test 
(ratio of number of taps in last 10 seconds to taps in first 10 seconds). 
When before- and after-shift parameter values for a period of heavy traffic 
in 1981 were compared, it was found that both groups showed tension before 
the shift; afterward, less successful workers showed significant increases 
in anxiety and impulsivity, while successful workers showed increases In 
tremor. In another heavy period in 1983, before the shi ft better workers 
had lower anxiety coefficients than less successful ones, and after the 
shift this difference was further enhanced with anxiety dropping from 
preshift values in group 1, and increasing in group 2. Group 1 had a 
higher impulsivity score before the shift than group 2, but after the shift 
this score decreased for the former and increased for the latter. 
Endurance score remained the same for group 1, but decreased after the 
shift for group 2. Scores and changes in scores after shift performance 
were also compared in the two groups for I ight and heavy air traffic 
conditions. For less competent, group 2, workers, heavier job demands led 
to greater changes in psychologlcal parameters than for group 1 workers; 
group 2 showed greater increases in anxiety, and less pronounced decreases 
In activity. Group 2 workers also showed greater increases In hand tremor 
after a heavy shift. Analogous dlfferences occurred after lighter work 
shifts. The author interprets these results as suggesting poorer 
adaptation in group 2 subjects to both workloads. 
with gastrointestinal disorders tended to show greater changes in 
psychological parameters after a work shift than heal thy counterparts. 
Controllers with cardiovascular problems showed greater increases in 
perspiration and hand tremors after a shift than healthy ones. 
Table 1: Changes in parameters Indicative of psychological state in 
different groups of air traffic controllers 
Subgroups of controllers 
Table 2: Changes in psychological parameters with varying work loads 
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P498( 1 1/87) K o l  pakov SP, Rumyantseva AG. 
Comprehensive method for cor rec t ing  psychophysical s t a t e  i n  people 
whose work involves constant eye strain.  
F i  z i o i  ogi ya Chei oveka. 
[23 references; 3 i n  Engi ish] 
Authors' a f f  ii ia t ion:  P.K. Anokhin S c i e n t i f i c  Research I n s t i t u t e  f o r  Normal 
Phys i oi  ogy, Moscow 
13( 1 k42-49; 1987. 
Human Performance, Psychophysiological State 
Humans, I n d u s t r i a l  Workers 
Perception, Visual System, Eye Strain; Countermeasure, Exercises, Massage 
Abstract: Subjects i n  t h i s  experiment were 20 workers i n  the vacuum tube 
industry, aged 18-34, i n  t h e i r  present jobs from 6 months t o  10 years. 
Nine subjects worked i n  the manufacture o f  vacuum tubes, and 11 were 
monitors o f  e lec t ron ic  op t ica l  systems. 
physi 0 1  og i ca i  ,psycho1 og i c a i  , and psychophys io1 og i cal  tests. 
t h e  accommodation mechanism of the  eye was assessed by measur i ng amp 1 i tude 
o f  accommodation no less than 3 t imes f o r  each eye. 
t e s t  was used t o  determine rate, accuracy, and p r o d u c t i v i t y  o f  informat ion 
process i ng. 
measured. 
fatigue. Job produc t iv i t y  was a lso assessed. For e i t h e r  5 o r  10 days, 
between 1O:OO and 1200 a.m. workers par t ic ipated i n  a cor rec t ive  
cond it i on i ng program. 
and exercise o f  the accommodating apparatus o f  t h e  eyes, and se lec t ive  
self-massage, inc lud ing s t imu la t ion  of b i o l o g i c a l l y  a c t i v e  points  . The 
1 O-day course was apparent I y i dent I cal , except t h a t  subjects were massaged 
by professional masseurs f o r  10-15 minutes. I t  i s  imp1 ied but not stated 
t h a t  those working on t h e  e lec t ron ic  opt ica l  system underwent the  10-day 
program, wh I l e  the tube assemblers underwent the  5-day one. A i  1 parameters 
were measured before and a f t e r  each session during t h e  program. Before the  
beginning o f  the experiment, and immediateiy and 1-1.5 months a f t e r  t h e  
program, subjects' on-the-job produc t iv i t y  was evaluated. Parameter values 
o f  the same workers measured 3-5 days before the beginning o f  the 
exper iment were used as basel i ne val  ues. 
Workers were tested using a s e t  o f  
Function i ng o f  
A paper and penci l  
Systo I i c, d i asto I i c, p u i se pressure and hear t  r a t e  were a I so 
Subjects were asked t o  ra te  t h e i r  own levels  o f  anxiety and 
The 5-day program i nvol ved gymnast i cs, sel f-massage 
i t  was found t h a t  the basei ine level of amp1 i tude o f  accommodation was ha1 f 
o f  the norm f o r  these workers. A i l  subjects complained o f  fa t igue a f t e r  
t h e i r  s h i f t ,  pain i n  the eyes and neck, and frequent headaches. Scores on 
t h e  informat ion processing test ,  ind ica t ive  of concentrat ion and 
perception, were general i y  higher than the norm. 
ampi i tude o f  accommodation i n both eyes had improved s i gn i f icant  i y 
( increased by 60% and 84.65, f o r  r i g h t  and I e f t  eye), but t h i s  parameter 
had returned almost t o  basel ine a f te r  1-1.5 months. I n  add i t ion  a f t e r  
these subjects completed t h e i r  program, hear t  r a t e  decreased and pulse 
pressure increased, and d i a s t o l i c  blood pressure tended t o  decrease. Rated 
anxiety decreased, work p roduc t iv i t y  increased, as d i d  speed and amount of 
informat ion processed i n  a shor t  interval.  Af ter  1.5 months informat ion 
processing scores decreased somewhat. Af ter  the  5-day program ampi i tude Of 
accommodation increased by 62.0% f o r  the r i g h t  eye and 72.85 f o r  t h e  l e f t  
eye. 
and heart  r a t e  decreased for  these subjects, and there was a tendency f o r  
d i a s t o l  i c  blood pressure t o  do the same. Work p r o d u c t i v i t y  i ncreased by 
Af te r  the  10-day program, 
immediateiy a f t e r  completion of the program, systol  i c  blood pressure 
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P499 
15% but  t h i s  was no t  s t a t i s t i c a l  l y  s ign i f Icant. 
information processing decreased, and no changes were noted i n  se l f - ra ted 
anxiety or fat igue. A f te r  1-1.5 months, values of ampl i tude o f  
accommodation and in format ion processing parameters dropped below base1 ine 
f o r  t h  i s group. 
easy t o  implement f o r  workers i n  jobs conducive t o  s i g n i f i c a n t  eye s t ra in .  
Noth i ng i s  sal d about how of ten t h  i s  program shoul d be given nor how much 
t ime should be devoted t o  it. 
Speed and accuracy of 
The authors recommend t h  i s methodol ogy which i s re1 a t  i vel  y 
Table 1: Changes 
a f t e r  p a r t i c i p a t  
Table 2: Changes 
a f t e r  par t  I c i pa t  
i n  parameters i n  11 workers i n d i c a t i v e  o f  funct ional  s t a t e  
on i n  a 10-day program o f  co r rec t i ve  measures 
i n  parameters I n  9 workers i nd i ca t i ve  of funct ional  s t a t e  
on i n  a 5-day program o f  co r rec t i ve  measures 
5 4  
IWUNOLOGY: See: Operational Mediclne: Cf35 
L I FE S W O R T  SYSTEm 
(See also: Endocrinology: P477; Microbiology: P106; 
Operational Medicine: P470) 
PAPERS: 
P463(11/87)* Grlshayenkov BG, Vasll 'yev VK, Zor ina NG, Zhukov AK. 
cathode space of an electrolyzer w l t h  a solid electroly e wit oxygen 
extractlon accounted for. 
Kosmicheskaya B lo log lya  I Aviakosmicheskaya Meditsina. 
[l reference; none i n  Engl ish] 
P464(11/87)* Grishayenkov BG, Zor ina NG, Vasl i 'yev VK. 
Computation of equilibrium concentrations of components of the gas mixture 
C02-C++(k~2- 
Kosmicheskaya B io1 og iya  i Av 1 akosm icheskaya Med i t s  i na. 
[no references] 
Derivation of working equations for a gas mixture of "T""a""rN2 for 
20(6): 73-76; 1986. 
for the cathode space of an electrolyzer w i t h  a sol Id 
electrolyte an 3 appropriate theoretical values for voltage of dissociation. 
20(6): 76-79; 1986. 
P484(11/87)* Grishayenkov BG, Zorina NG. 
Thermodynam IC  state of a mu It Icorponent gas in ixture ~ = C O = H 2 0 = ~ = ~  i n 
an electrolyzer with a solid electrolyte. 
Kosmicheskaya B io log iya  I Aviakosmlcheskaya Meditsina. 
[no references] 
21(1): 55-58: 1987. 
L i f e  Support System, Gas Mixture Regeneration System 
Equation Der l va t l on  
Thermodynamics, Equil ibrium 
Abstract: These three papers der ive Information about a mu1 ticomponent gas 
m i x tu re  conta l  n i ng Co2-CO-H2O-H2-N2 In  the cathode space o f  an el ec t ro  I yzer 
w i th  a s o l i d  e l e c t r o l y t e  fo r  use In designing t h e  gas mix tu re  regenerat ion 
component o f  a 1 i f e  support system. The f i r s t  paper derives the  equations 
descr I b I ng t h e  thermodynam I c  equ i 1 i b r  i urn o f  t he  m ixture. 
account f o r  the  f a c t  t h a t  t he  oxygen i n i t i a l l y  present I n  t h e  molecule 
escapes from the  reac t ion  chamber to the oxygen (anode) chamber. 
Expressions for equl l i b r i um p a r t i a l  gas pressures, thermal e f f e c t  o f  
reactions, t heo re t i ca l  vol tage of dissociation, and others were derived as 
a func t ion  of temperature, t o t a l  pressure of the  gas mixture, i n i t i a l  gas 
cornposltion, and c o e f f i c i e n t  character iz ing amount o f  oxygen t rans fe r  from 
the cathode t o  the  anode cel  I o f  t he  electrolyzer. 
These equations 
The second paper computes t h e  equ l l ib r lum concentrat ions f o r  t he  gas 
mix tu re  i n  t h e  e lec t ro lyzer  cathode space, using the  equations obtained i n  
the  previous paper. 
theore t ica l  decomposition vol tage of the gas mix tu re  as a funct lon o f  
oxygen concentrat ion are S-shaped for a l l  temperatures studied. When t h e  
temperature o f  the  e lec t ro lyzer  increases, the  curves are  d l sp l  aced so as 
t o  lower t h e  theo re t l ca l  value o f  tension. 
I t  was found t h a t  the curves descr ib ing the  
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P463, 464, 484 
The third paper Investigates the thermodynamic state of the mixture 
CO2=CO=H20=H =NZ in the cathode space of the electrolyzer. 
possible to %etermine theoretical voltage of decomposition at the outlet of 
the electrolyzer or an individual cel I, which is important for designing 
the regeneration system, To describe thermodynamic equilibrium of this gas 
mixture, equations o f  4 independent reactions must be considered, since the 
difference between the number of substances and the number of atoms is 4. 
The reactions selected here are: 
This makes it 
CO, + 4H, = CH, + 2H,O 
CO, + ZH, = C + 2 H 2 0  
CO, + H, = CO + H,O 





The system of equations derived can be simpl if ied consiierably if carbon 
formation, or methane formation does not occur and If N 
carbon and methane formation occur simultaneously. 
=, or if 
cu 
Tables and Figures from P464. 
Tab1 e: List of parameters characteriz ing the gas mixtures described 
Figure 1: Graph of theoretical voltage of decomposition an partial pressure 
of gas mixture components as a function of loss of oxygen for a gas 
mixture with given concentrations of components 
Figure 2: Nomogram for determining theoretical voltage of decomposition of 
the gas mixture with various partial pressure of oxygen and concentration 
of oxygen for el ectrol yzer temperature of 100O0K. 
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ClAMEMAT I CAL MODEL I NG 
(See also: Cardiovascular and Respiratory Systems: P467; Neurophysiology: 
P489: Operational Medicine: CR5) 
PAPER: 
P460( 11/87)* Kondrachuk AV, Shchekin IYe, Sirenko SP. 
A mathanatical model of the M o l  ith. 
Kosmicheskaya B io1 og i ya i Av i akosmicheskaya Med i t s  i na. 
ZO(6): 66-70; 1986. 
[15 references; 6 i n  Engl ish] 
Mathematical Model ing 
Mamma i s 
Neurophysiology, O t o l i t h  
Abstract: I t  i s  general ly bel ieved t h a t  changes i n  o t o l i t h  funct ion a re  
associated w i t h  space motion sickness. I t  i s  a lso bel ieved t h a t  o t o l  i t h  
receptors are s t imulated when t h e  membrane, acted upon by forces such as 
gravi ty,  moves' para1 le1 t o  the  macula and bends the h a i r s  o f  t he  receptor 
ce l  Is. Current models of t h e  o t o l  i t h  t r e a t  t he  o t o l  I t h  membrane as an 
absolute sol i d  moving i n  the plane o f  the macula. However, experiments 
have shown t h a t  i n  mammals the  o t o l  i t h  membrane deforms w i t h  degrees o f  
freedom associated w i t h  the deformation. This means t h a t  t he  motion o f  the 
o t o l  i t h  membrane does no t  reduce t o  that  of a mass point, but  i s  more I ike  
t h a t  o f  an e l a s t i c  sheet (membrane) f ixed a t  the edges, or a f l e x i b l e  
she1 I, or  even a drop of viscous l iquid.  I n  o ther  words, t he  o t o l  i t h  
membrane i s  a system w i t h  d i  s t r  i buted parameters. 
t h a t  t he  resonance e f fec ts  i n  t h e  degrees of freedom caused by deformation 
are responsible f o r  d i s rup t i on  of o t o l i t h  funct ion ing on moving vehicles. 
The present model t r e a t s  the  o t o l i t h  membrane as a c i r c u l a r  heavy e l a s t i c  
membrane r e s t i n g  on 
One in i ght  hypothes ize  
a f l e x i b l e  base formed by a system of support ing bars. 
To evaluate the  behavior of  t h i s  model, t h e  authors analyzed f r e e  
transverse osc i  1 I a t i ons  of such a membrane. Parameters modeled included 
d e f l e c t i o n  functions, cy1 i n d r i c a l  r i g i d i t y ,  membrane thickness, Poisson 
coe f f i c i en t ,  s p e c i f i c  e l a s t i c i t y  coe f f i c i en t  o f  the base, and weight o f  a 
un it area of the membrane. Two condi t ions a re  exam ined w i t h  regard t o  the  
way the membrane Is attached t o  the base. In  the  f i r s t ,  the supports are 
considered as an evenly d i s t r i b u t e d  set o f  i n e l a s t i c  rods which temporar i ly  
develop a force when the edge of the membrane bends. 
condit ion, t he  membrane i s  considered t o  be connected t o  t h e  base w i t h  an 
e l a s t i c  connection. Since the o t o l i t h  membrane i s  immersed i n  the 
endolymph, when transverse osci I l a t i ons  a re  computed, one must consider the  
movement o f  the I iqu id  leading t o  decreased osc i  1 l a t i o n  frequency. 
lower frequency of transverse o s c i l l a t i o n  can be ca lcu lated given values 
f o r  density o f  the o t o l i t h  and endolymph. 
o t o l  i t h  membrane parameters are consistent w i th  the possi b i  I i t y  o f  t he  
o t o l i t h  membrane undergoing i t s  own low frequency transverse o s c i l l a t i o n s ,  
and thus an external  force (e.g., t he  motion of  the sea) conta in ing low 
frequency components might generate resonance ef fects.  Since o t o l i t h  
receptors respond t o  displacement of the membrane p a r a l l e l  t o  t h e  macula, 
membrane movement accompanied by deformations, p a r t i c u l  a r l y  transverse 
osc i l l a t i ons ,  which bend the  h a i r  c e l l s  back and forth,  would lead t o  
unusual s t i m u l a t i o n  of the o t o l  i t h  receptors. 
I n  the second 
The 
Calculat ions showed t h a t  the 
51 
MATHEUfiT I CAL MOOEL I NG 
Figure 1 : Diagram of otol i th  structure 
Figure 2: Q u a l i t a t i v e  behavior of the o t o l i t h  membrane as a system w i t h  
distributed parameters 
Figure 3: Possibi 1 i t y  of the otol  I t h  membrane twist ing i f  the center of 
rotat ion does not coincide with the center of gravity under exposure to 
I i near acce I e r a t  i on 
METABOLISM: See Adaptation: M105; Body Fluids: P450; Endocrinology: P477; 
Gast ro in tes t ina l  System: P453; P455; N u t r i t i o n :  P475) 
MI CROB I OLOGY 
(See also: Nu t r i t i on :  P475; Radiobiology: P462; P470) 
MONOGRAPH: 
P106(11/87) Sytn ik  KM ( e d i t o r ) .  
Kosmicheskaya B io log iya  i Blotekhnologiya: Sb. Nauch. Tr .  
[Space Biology and Biotechnology: A Col lect ion o f  Scient i f ic  Works]. 
Kiev: Naukova dumka; 1986. 
[72 pages; 29 f igures; 10 tables; 130 references fo r  a l l  a r t i c l e s ]  
A f f  i I  i a t i o n  (book): I n s t i t u t e  of Molecular Biology and Genetics, Ukrainian 
Academy o f  Sciences. 
KEY WORDS: Microbiology, Space Biology, Biotechnology, Botany, Bacteria, 
Algae, Pea, Lfapl oDa . .u 8 Orchids, Chlorel la, Space F I  ight, 1iSalyut-7t1, 
Weight I essness, B ioconvect i v i ty, Cytology, CI I nos ta t t  i ng, B I o l  og I cal  
Rhythms, Vibrat ion, Acceleration, L i f e  Support Systems, Electrophoresis 
Annotat ion: Th i s co I I ec t  ion contai ns papers cover i ng many aspects o f  space 
research: study o f  the  e f fec ts  of  space f l i g h t  fac to rs  on p lan ts  and 
m icroorgan i sms and ana I ys i s of the  poss i b I e reasons f o r  these ef fects ;  and 
the theo re t i ca l  underp i nn i ngs of p I anned exper i ments i n  space 
biotechnology, p a r t i c u l a r l y  electrophoresis o f  biopolymers. This 
c o l l e c t i o n  I s  intended f o r  sc ien t is ts ,  engineers, technicians, and advanced 
students i n  re1 evant areas. 
NOTE: I n  l i e u  of a t a b l e  o f  contents we are  present ing t rans la t i ons  o f  
sho r t  abst racts  o f  the  papers i n  t h i s  co l l ec t i on .  
Man'ko VG, Kordyum VA, Vorob'yeva LV, Kon'shin NI, Nechi taylo GS. Changes 
i n  Proteus cultures grown i n  ROST-4M2 devices on Salyut-7.Vages 
3-9. 
Th i s paper c i t e s  resu I t s  of an experiment w i t h  Proteus vu I gar i s bacter ia  i n 
the  new ROST-4M2 c u l t i v a t i o n  device, which a l lows samples t o  be taken from 
a sequence o f  compartments during space f 1 ight. Analysis o f  these samples 
showed t h a t  t he  course o f  adaptation t o  c u l t i v a t i o n  condi t ions i n  the  ROST- 
4M2 on Earth and during space f 1 i g h t  are d i f f e ren t ,  as expressed i n  
d i f ferences i n  growth rate, morphological character is t ics ,  and bac te r ia l  
mobil i t y  on sol i d  agar. 
Babskiy VG. On the  r o l e  of processes of mass transfer i n  cul t ivat ion of  
microorganisms i n  weightlessness. Pages 10-18. 
This  paper analyzes a hypothesis concerning t h e  poss ib le  e f f e c t s  o f  
b ioconvect ion on the  r e s u l t s  o f  experiments on c u l t i v a t i o n  o f  
microorganisms under weightlessness, i n  p a r t i c u l a r  t he  reasons f o r  t he  
occurrence of s p a t i a l l y  nonhomogeneous d i s t r i b u t i o n  o f  microorganisms 
evoked by chemotaxis. I t  i s  demonstrated t h a t  the  fac ts  known about t h e  
e f f e c t s  of space f l i g h t  factors  on microorganisms cannot be explained by 
the  Occurrence o f  b ioconvect ion. 
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Popova AF. Submicroscopic organization of Anabaena azo1 la@ Str- cel I s  
during space flight. Pages 18-22. 
This  paper c i t e s  r e s u l t s  o f  research using e lec t ron  microscopy on cel I s  o f  
symbiot ic blue-green (glaucous) algae Anabaena azo1 lae Strasb. found i n  the 
a i r  spaces of  ch lorophyl l ferous leaf  segments o f  t he  water fe rn  A z o l l s  
pinnata, Experimental p lants  were grown i n  the IFS-2 device on board the 
5aIyut -6"  f o r  7 days ( j o i n t  Soviet-Vietnamese experiment). The 
u l t r a s t r u c t u r e  of algae i n  the ground and f l i g h t  condi t ion i s  shown. A 
number of rest ructur ings o f  submicroscopic organizat ion were found i n  t h e  
f l i g h t  plants. 
f l i g h t  condi t ions have no s i g n i f i c a n t  i n h i b i t o r y  e f f e c t s  on t h e  
u l  t r as t ruc tu re  o f  cel 1 s of  the Anabaena azo1 I aa b I ue-green a1 gae. 
Based on the data obtained, t h e  author concludes t h a t  space 
Zaslavskiy VA, Fomichev VM. The functional state of chromatin in 
proliferation activity of cells in the meristem of pea sprouts clinostatted 
at different rates. Pages 23-28. 
Cytophotometry and autoradiography were used t o  study the s t a t e  of 
chromatin and p r o l i f e r a t i o n  a c t i v i t y  i n  the  c e l l s  o f  t he  root meristem o f  
pea sprouts c l  inostat ted a t  d i f f e r e n t  r a t e s  (2  and 50 rev/min). I t  i s  
demonstrated t h a t  only I l fast l l  c l i n o s t a t t i n g  has a s i g n i f i c a n t  e f f e c t  on the 
parameters measured: there i s  a r e d i s t r i b u t i o n  o f  d i f f u s e  and condensed 
chromatin, and a decrease i n  the s i z e  of  the p r o l i f e r a t i o n  pool. It i s  
hypothesized t h a t  the responses o f  t he  c e l l s  t o  these e f f e c t s  involve the 
highest level o f  metabolic regu la t i on  -- the genetic. 
V i ktorova NV, S i  dorenko PG, Fom i cheva V M. The rhythm of reproduct I on 
in plant cells In vitro and under microgravily, Pages 28-32. 
L i g h t  o p t i c  microautoradiography was used t o  detect  changes i n  t h e  d iurnal  
course of m i t o t i c  a c t i v i t y  o f  a populat ion o f  J&jpIopappu s c e l l s  i n  a 
suspension cul ture,  and a lso changes i n  the  p r o l i f e r a t i o n  a c t i v i t y  o f  
c e l l s  o f  the meristem exposed t o  c l i n o s t a t t i n g  a t  d i f f e r e n t  rates. 
Poss ib le  reasons f o r  changes i n  t h e  rhythm o f  d iurnal  va r ia t i ons  i n  m i t o t i c  
a c t i v i t y  of p l a n t  c e l l s  are discussed i n  r e l a t i o n  t o  e x i s t i n g  mechanisms 
f o r  endogenous regu I a t  i on o f  ce I I u 1 ar  pressure. 
Popova AF, Sidorenko PG, K1 imchuk DA, Zhad'ko SI, Martyn GM, lvanenko GF. 
An investigation of the structural and functional characteristics of one- 
celled algae and cell cultures of higher plants exposed to simulation of 
individual space flight factors. Pages 33-44. 
This paper presents t h e  r e s u l t s  of experiments studying the  e f f e c t s  o f  
v i b r a t  i on and acce I e r a t  i on, dur I ng s i mu I ated I aunch o f  a spacecraft i n t o  
"Th!t, 2nd s!sc =f C l t m h . - + 3 * + r - -  -.* .--.&e- - L  c) 
I s m v a e c 1 1  t t t l y  a1 i a i c a  v i  L aiid 50 r e ~ / i i i l f i  ~ i i  the  g r ~ i t h  
and s t ruc tu ra l  and funct ional  proper t ies of cel  I s  o f  Chlor e l l a  vulaaris 
( l i n e  L A R G l )  and Hap1 OD . g r a c i  I is. A f te r  a shor t  exposure t o  
v i b r a t i o n  and accelerat ion some changes were observed i n  the  submicroscopic 
organ izat lon of a number of  organel I es, p a r t i c u l  a r l y  the nucl eus, 
mitochondria, and endoplasmic ret iculum, which recovered r e l a t i v e l y  qu ick ly  
a f t e r  v i b r a t i o n  and accelerat ion stopped. 
used t o  demonstrate the  sharp increase i n  the i n t e n s i t y  of luminescence o f  
Chemoluminescent analys is  was 
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the  experimental c e l l s  i n  t h e  i n i t i a l  hours o f  c l i nos ta t t i ng ;  subsequently 
I uminescence s tab i  I ized and returned t o  contro l  leve l  by 24 hours a f t e r  
exposure. 
c l i nos ta t t i ng ,  and the  n u t r i t i o n  and growth paths o f  the cultures. During 
1 ong-term c l  i n o s t a t t  i ng there was some res t ruc tu r  i ng o f  t he  u l  t r a s t r u c t u r e  
of c e r t a i n  organelles. 
substant ia l  capaci ty t o  adapt t o  t h e  major space f l i g h t  f ac to rs  i n  one- 
ce l  led p lan ts .  
Amp1 i tude  o f  chemoluminescence depended on the  r a t e  of 
On the whole, the data c i t e d  t e s t i f i e s  t o  the  
Cherevchenko TM, Mayko TK, Bogatyr' VB, Kosakovskaya I V. 
for using tropical orchids for space research. 
Future prospects 
Page 41-54. 
This paper describes a study of the  e f fec ts  o f  long-term space f I i g h t  on 
the growth and devel opment o f  t rop  i cal orch i ds: FD i dendrw r a d  i cans, 
i ium hvbrida. Doritir pulcherrima, Dendrobiua k i n a i a n u h  &@hioped 
Paph iODed . i 1 urn insiane. Bnoectoch i I d awson i I t  was discovered t h a t  
epiphyte orchids, because o f  t h e i r  attenuated geotropic response and a 
number o f  other b io log i ca l  character is t ics ,  are less sens i t i ve  t o  actual 
space f I i g h t  f ac to rs  than the  t e r r e s t r i a l  orchids. They could serve as 
model subjects f o r  the study of  the proper t ies o f  growth and form changes 
during long-term space f l i gh ts ,  and could a lso be used on board space 
s tat ions.  
. .  
Zhukov MYu, Korol l  Lye, Convective, diffusive, and electromigrational 
widening of zones in fr-zonal fluid electrophoresis. Pages 54-66. 
This paper presents the  r e s u l t s  of a comparison o f  t he  theo re t i ca l  and 
experimental analys is  o f  the behavior of zones of a sample i n  free-zonal 
1 i qu id  electrophoresis. Various reasons for the  widening o f  t h e  zone are 
analyzed, and p a r t i c u l a r  a t t e n t i o n  i s  paid t o  the  r o l e  o f  the s t a b i l i z i n g  
density gradient  o f  sucrose i n  t ransforming the  convective disassembly o f  
t h e  zone. Theoretical and experimental data showed sa t i s fac to ry  agreement, 
t e s t i f y i n g  t o  t h e  appropriateness o f  the mathematical model constructed for  
use i n  experiments on e lect rophores is  i n  weightlessness. 
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(See also: Adaptation: M105; Body Fluids:  P450; Hematology; P474; 
N u t r i t i o n :  P503) 
PAPERS: 
P452( 11/71 Khr i stova LG, G I  d i kov AA, As I anova I F, K I  renskaya AV, Koz I ova 
VG, Kozlovskaya IB. (Bulgaria, USSR) 
The effect of immersion hypokinesia on human muscle potential  parmeters. 
Kosmicheskaya B io log iya  i Aviakosmicheskaya Meditsina. 
20(6): 27-31; 1986. 
[ l o  references; 6 i n  Engl ish] 
Muscu I oske I eta 1 System, Musc 1 e, EMG, Potent i a l  
Humans 
Hypokinesia, Immersion 
Abstract: Six ind iv idua ls  were subjected t o  3 days o f  lldryll immersion i n  a 
hor izonta l  pos i ti on. Parameters i nd i c a t  i ve o f  s t  i mu 1 ated and averaged EMG 
po ten t i a l s  o f  the biceps b r a c h i i  muscles were measured before and a f t e r  t h i s  
t reatment and i n  the case o f  one ind iv idua l  a lso  on day 2 dur ing treatment. 
To ob ta in  st imulated p o t e n t i a l  the  cutaneus nerve was s t imu la ted  between t h e  
heads o f  biceps b r a c h i i  muscles w i t h  a ser ies  of 4 rectangular e l e c t r i c a l  
impulses with durat ion o f  1 msec. and frequency o f  1 imp/sec. The i n t e n s i t y  
was selected t o  induce pronounced contract ions i n  the  muscle. Poten t ia ls  
were recorded w i t h  the  a i d  o f  a mu l t i -e lec t rode f i x e d  above t h e  d i s t a l  
p o r t i o n  of the head o f  t h e  biceps brachi i n o t  less than 20 mm away from t h e  
motor zone o f  the ends o f  the  muscle f ibers .  Impulses were amp1 i f i e d  and 
recorded on tape. The four  s t imulated po ten t i a l s  from the same e lect rode 
were averaged. The r a t e  of propagat ion of t h e  s t  i mu I ated potent  i a l  s 
(Vst)was estimated on the basis of the length of the  In te rva l  between the  
negat ive maxima of po ten t i a l s  reg is te red  by the  2 monopolar and t h e  2 
branched electrodes wh ich were a constant distance apart. 
po ten t i a l s  o f  the t o t a l  EMG were recorded w h i l e  the  subject  exerted 
isomet r ic  tension 50% o f  maximum. 
EMG were averaged f o r  each value. 
Averaged 
E i t h e r  64 or 128 segments of the t o t a l  
A f te r  3 days of immersion, t h e  speed of propagation of s t imu la ted  muscle 
po ten t ia l  had decreased s i g n i f i c a n t l y  i n  a l l  subjects (by an average of 
28%). Rate o f  propagation o f  averaged p o t e n t i a l  decreased by 31%. 
Durat ion of the  negat ive phase of s t imulated and averaged po ten t i a l s  d i d  
no t  change as a resu i t o f  immersion, whi I e the  spat ia l  extent  o f  the  
negative phases decreased s i g n i f i c a n t l y .  Durat ion o f  the  f i n a l  p o s i t i v e  
phase o f  both types of po ten t i a l s  increased a f t e r  immersion by 
approximate l y a fac to r  o f  2. Study o f  the  vectorel  ectromyograph i c images o f  
the  po ten t ia ls  indicated t h a t  t h e i r  s p a t i a l  proper t ies had a i so  cnariyed, 
w i t h  angles becoming more acute. 
lowered body temperature due t o  immersion, s ince the  water was a t  a 
temperature of  33OC. 
changes are not clear. 
These changes cannot be a t t r i b u t e d  t o  




Table: Mean values of durat ion and computed length (extent )  of t h e  negative 
phase o f  s t imu la ted  and averaged EMG p o t e n t i a l s  before and a f t e r  a 3-day 
per iod  of immersion 
F i gure 1 . D i a g r m  of the  mu I ti -el ectrode 
F igure  2: St imulated and averaged po ten t ia ls  o f  t o t a l  EMG i n  biceps 
b r a c h i i  muscles before and a f t e r  a 3-day per iod  of immersion 
F igure  3: Vectorelectromyographic images of s t imu la ted  and averaged 
p o t e n t i a l s  of t o t a l  EMG 
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P454( 1 1/87]” Durnova GN, Sakharova ZF, Kap I ansk i y AS, I vanov VM, Khaydakov 
MS. 
Quantitative analysis of osteoblasts and osteoclasts i n  the  bones of r a t s  
undergoing simulations of weightlessness. 
Kosmicheskaya B io log iya  i Aviakosmicheskaya Meditsina. 
[15 references; 4 i n  Engl ish] 
20(6): 37-41; 1986. 
Musculoskeletal System, Osteoblasts, Osteoclasts 
Rats, Males 
Immobilization; Psychology, Stress; Tail-suspension 
Abstract: 
Experimental animals were confined i n  immobi I i z a t i o n  cages for 35 or 60 
days o r  placed i n  a t a i l  suspension device for an unspeci f ied period. 
Control ra ts  were maintained under normal laboratory condit ions. A f te r  
t reatment termination, animais were weighed and then sacr i f iced.  The t i b i a  
and lumbar vertebra were iso la ted  and t h e  muscles removed. The length o f  
the t i b i a  was measured and the bones f i x e d  w i t h  formaldehyde. 
were decalci f ied, dehydrated; cross-sect ions 5-7 um t h  i c k  were prepared by 
c u t t i n g  p a r a l l e l  t o  t h e  long a x i s  a t  25-50 um i n t e r v a l s  and stained. The 
number o f  osteoblasts and osteoc lasts  were counted i n  15-20 microscopic 
f i e l d s  d i r e c t l y  above the epiphysial  c a r t i l a g e  growth layer. Only 
f unct i ona I i y a c t i v e  ce I I s, i .e., those po I ygona i and f us i form i n  
shape, wi th extensive pyronlnophi i  i c  cytoplasm and eccent r i c  nuclei,  were 
counted as osteoblasts. Osteoclasts were considered t o  include not  on ly  
g ian t  muit inucleated ce l l s ,  but  a lso  those w i t h  one o r  two nuc le i  and l i g h t  
p ink  foamy cytoplasm. I n  addlt ion, r e l a t i v e  densi ty of pr imary and 
secondary spongiosa , the width o f  the epiphysial  c a r t i  iage growth i ayer, 
and width of  the pr imary spongiosa zone were measured. A I  1 data was 
expressed i n  terms o f  percent of v ivarous control .  
Experiments were performed on a t o t a l  of 60 male Wistar rats.  
The bones 
Measurements o f  con t ro ls  showed t h a t  i n  t h e  norm t h e  width o f  t h e  
growth layer, and r e l a t i v e  densi ty of the  pr imary and secondary spongiosa 
are  greater i n  t h e  ver tebra than i n  t h e  t i b i a ,  wh i l e  t h e  number of 
osteoblasts i n  pr imary spongiosa i s  greater  i n  the t i b i a ,  and the  number o f  
osteoclasts i n  the  two bones are  equal. Both hypokinesia durat ions 
as we1 1 as t a i l  suspension led t o  the development of osteoporosis, as 
ind icated by decreased r e l a t i v e  densi ty of pr imary and secondary spongiosa. 
Th i s e f f e c t  i ncreased as hypoki nes i a i ncreased i n  duration. Exper I menta I 
animals also showed decrease i n  length of t h e  t i b i a  and narrowing of the  
growth I ayer and primary spongiosa zone i n  both the t i b i a  and the vertebra. 
Both treatments led t o  a s t a t i s t i c a l l y  s i g n i f i c a n t  decrease i n  number of 
osteob i asts I n  the pr imary spongiosa zone i n  both bones. Osteobl asts  i n  
t h e  experimental animals were l i k e l y  t o  show diminished funct ional  a c t i v i t y  
(i.e, be fus i form w i t h  on ly  moderately pyron inoph i l i c  cytoplasm). I n  
experimental animals, osteoblasts  tended t o  occur i n  smal I groups i n  t h e  
spaces between the trabeculae, w h i l e  i n  conrro i  animais inese cui is w t t r - t :  
arranged i n  rows on t h e  surface of t h e  trabecula. 
s i g n i f i c a n t  d i f ferences were found i n  osteoc lasts  i n  t h e  t i b i a  of any 
experimental group, a1 though there  was a s i g n i f i c a n t  decrease I n  t h e  1 umbar 
vertebrae of animals undergoing 60 days of immobil izat ion.  No 
morphoiogical e f f e c t s  were seen i n  osteoclasts. The authors conclude t h a t  
No s t a t i s t i c a l l y  
osteoporosis i n  the spongiosa of the  t i b i a  and vertebra of anima 
models of weightlessness i s  p r i m a r i l y  caused by i n h i b i t i o n  of 
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growth and new growth of bone. It i s  no t  c lear  from these r e s u l t s  
whether changes i n  resorp t ion  are present. Increase i n  osteoc lasts  found 
i n  other  experiments w i th  shor ter  term (14 day) t a i  I suspension i s  
a t t r i b u t e d  t o  ea r l y  s t ress  reactions. It i s  also concluded t h a t  
osteoporosis i s  more extreme i n  immobi I ized animals than i n  t a l  I-suspended 
ones, due t o  the greater s t ress  o f  immobilization, as fu r the r  evidenced 
by decrease i n  body, thymus, and spleen weights. 
Table: Results o f  histomorphometric analyses of  t i b i a  and lumbar vertebrae 
i n  r a t s  exposed t o  c l  i n o s t a t i c  hypokinesia [immobi 1 i za t ion ]  and t a l  1 
suspension 
Parmter Hypokinesia Suspension 
Bone length -- 
Width of growth -25* -1 7 -1 4* -8 -1 2* 
Width o f  primary -51" -42* -6 9* -3 4" -22 
( i n  $ o f  con t ro ls )  
35 days 60 days tibia lumbar vertebra 
tibia ti b i a I unbar vertebra -- -3 -- -4 
I ayer 
spong i osa zone 
Spongiosa density 
primary -21 * -53" -3 8* -8* -1 4* 
secondary -55" -56" -22* -40* -3 O* 
Osteob i asts -42" -49" -36" -22* -35" 
Osteoc I asts  +22** +21 -36* +18 +12 
' ,  * s t a t i s t i c a l l y  s i g n i f i c a n t  dif ferences between cont ro l  and experimental 
groups; 
** Ed i to r ' s  note: I ack o f  noted s t a t i s t  i ca 1 s i gn i f i cance f o r  pos i t i ve 
d i f ferences suggests authors used a one-tal led test .  1 I 
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Figure 1: Osteoblasts and primary spongiosa in the tibia of rats. 
a - active osteoblasts with abundant cytoplasm 1 ining the surface of the 
per i osteum under norma I cond it i ons; 
b - decreased number of osteoblasts with predominance of less active 
fusiform cel I s  after 60 days of horizontal hypokinesia. 
Figure 2: Active resorption of primary spongiosa in the tibia of rats after 
60-days of horizontal hypokinesia 
a - appearance of truncated trabecula in the primary spongiosa zone; 




P456(11/87)* Rogacheva IV, Polyakov AN, Volozhin A I ,  Stupakov GP. 
[The possibi I i t y  for  using] Pharmacological measures t o  counteract regional 
osteoporosis in  nonsupporting limbs. 
Kosmicheskaya Biologiya i Aviakosmicheskaya Meditsina. 
[8 references; none in Engl ish] 
20(6): 47-51; 1986. 
Musculoskeletal System, Osteoporosis 
Rats 
Amputation; Countermeasures, Calcitonin, Retabolil 
Abstract: This study was performed on 150 Wistar rats weighing 180-200 g. 
All rats had the lower third of the hind leg amputated. After 
amputation the subjects were ivided Into 4 groups. Group 1, control, 
animals received no drugs; group 2 animals were given 2 units MRC of 
calcitrin (calcitonin) subcutaneously each day; group 3 was given retabol I 1  
(0.2 ml) intramuscularly every two days; and group 4 animals receiv.ed both 
preparations in the same doses. Treatments were continued for 20 or 40 
days, after which the animals were sacrificed and the femurs isolated, 
fixed and refrigerated. The weight and size of the enti re bone, its head, 
and distal portions were measured, along with their density, ash content, 
and mineral saturation. 
cortical layer and width of the bone marrow cavity in frontal and lateral 
projection. Histological preparations of cross-sections of the diaphysis 
were made and stained from femur fragments of 3 animals in each group and 
micro-X-rays used to determine mineral saturation. 
diaphysis cross-sections throughout the cortical layer for both the 
supporting and nonsupporting femurs in a total of 62 animals and micro-X- 
rays taken. Each pair of micro-X-rays for a single animal was evaluated 
for the average level of mineralization of the microstructure under 
experimental and control conditions. The nonsupporting and supporting 
femurs of animals in group 1 were considered appropriate controls for 
evaluating the effects of drugs used in anlmals of groups 2, 3, and 4. 
X-rays were used to determine the thickness of the 
Slides were prepared of 
After 20 and 40 days, animals in group 1 showed decreased thickness in the 
cortical layer of the femur diaphysis in nonsupporting limbs. This effect 
was more pronounced in frontal than in lateral projection and there was no 
discernible effect on the bone marrow canal. The nonsupporting limb was 
lighter because of weight loss in the distal epiphysis, head, and 
diaphyseal portion. The density of the spongy structure of all measured 
portions of the nonsupporting femur was significantly lower than that of 
the supporting limb after 20 days. Decreased mineral saturation reflected 
development of osteoporosis. The slight decrease in the mineralization of 
organic substances (ash content) (with changes in the head less pronounced 
than in other portions), was similar to effects on animals after 20-day 
space f I ights and indicated the adequacy of the treatment as a model of 
weightlessness. Similar changes after 40 days were less pronounced, and 
statistically insignificant. No changes in the diaphysis of the femur were 
observed. Histological preparations of the diaphysis showed increased 
poros i ty (spong i ness) of the bone tissue, w i th i ncreased d i ameter of 
Haversian canal after both periods. The diminished width of the cortical 
1 ayer on the nonsupport i ng s i de demonstrated depress ion of bone format ion 
processes. After 20 and 40 days, the mean level of mineralization in 




Administration of calcitrin to group 2 animals increased the density and 
mineral saturation of the head of the nonsupporting femur compared to the 
nonsupporting group 1 data, particularly after 40 days. After 20 days the 
cortical layer of the nonsupporting femur in both projections was narrower 
than in supporting group 1 limbs, but this difference had disappeared at 40 
days. Calcitrin had no effect on the ievei of mineralization of the 
microstructure. After 20 days, retaboi i I was associated w ith a non- 
significant increase in density of the head and distal epiphysis of 
nonsupportlng I imbs; this effect was no longer evident after 40 days. 
Animals receiving retabol i I (group 3) showed greater decrease in the 
thickness of the cortical layer than di d  group 2 animals. Histological 
data showed decreased osteoporotic thinning of the cortical layer in group 
3 animals. No changes in mineral ization were associated with retabol i l ,  but 
there was a tendency for  ash content to decrease in the spongy structures. 
Administration of both drugs led to increased density and mineral 
saturation of the head and distal epiphysis of the unsupporting femur after 
both time periods. After 40 days, the mineral saturation of the diaphysis 
had also increased. increased ash content of the spongy bone testified to 
the fact that the drugs normal ized mineral ization of organic substances. 
Some thinning of the cortical layer was noted after 20 days, even when both 
drugs were administered, but this effect was no longer manifest after 40 
days. In the combined drug treatment, increases in density of structure 
were evident on histologic slides and mineralization tended to normalize. 
Table 1: Changes in the dimensions of diaphysis cross sections of 
nonsupporting femurs of rats receiving caicitrin and retaboii, mm 
Table 2: Changes in the mineral saturation (in g/cm2), density (in g/cm3), 
and ash content (in %I of femur bone fragments of rats with nonsupporting 
limbs exposed to calcitrin and retabolil 
Table 3: Degree of mineralization (in g/cm3) of the microstructure of the 
femur diaphysis of nonsupporting limbs after administration of calcitrin 
and retabol i i (hypokinesia lasting 20 and 40 days) 
MUSCULOSKELETAL SYSTEM 
P478( 11/87]" Gr igror 'yeva LS, Kozlovskaya IB. 
The effect of  weightlessness and hypokinesia on muscle velocity-strength 
relat ionships i n  hunaE. 
Kosmicheskaya B io log i ya  i Aviakosmicheskaya Meditsina. 
[8 references; 1 i n  Engl ish]  
21(1): 27-30; 1987. 
Musculoskeletal System, Muscle Velocity-Strength Relat ionships 
Humans 
Space FI ight, 15alyut-71'; Hypokinesia, Long- and Short-term, 
Countermeasures; Head-down T i  It, Long-term 
Abstract: Muscle ve loc i ty-s t rength re la t ionships were measured i n  14 
subjects before and a f t e r  they had undergone a 120-day per iod o f  
hypok i nes i a w i t h  head-dow n ti I t, and i n  6 members of I1Sa I y ~ t - 7 ~ '  pr imary 
crews ( f l i g h t  durat ion 110-237 days), and 12 members o f  v i s i t i n g  crews 
( f l  i g h t  durat ion 7 days) pre- and pos t f l  ight. Muscles studied were the  
antagonist  muscle o f  the c a l f  ( the anter ior  t i b i a  muscle) and the t r i c e p s  
o f  t he  ca l f .  Measurements were made using i s o k i n e t i c  dynamometry w i th  
angular v e l o c i t y  o f  motion i n  the ta loc ru ra l  j o i n t  o f  180°, 120°, 60° and 
Oo/sec. Developed moments o f  force and goniograms were recorded. Results 
showed t h a t  long-term space f I i g h t  and bed r e s t  w i t h  head-down ti I t  led t o  
s ign i f icant  decreases i n  t h e  strength parameters o f  the cal f muscl es 
stud i ed throughout the en t  i r e  range of angu I a r  vel oc i t i es used. Short-term 
space f l i g h t  decreased strength t o  a lesser extent f o r  both muscles studied 
and a t  a l l  angular ve loc i t ies.  However, t h i s  d i f ference i s  on ly  marked 
when angular v e l o c i t y  i s  0 ( isometr ic  condit ion). The author argues t h a t  
t h i s  demonstrates the ef fect iveness of prophylact ic  measures. This i s  a lso 
demonstrated by the s i gn i f i cant I y greater decrements i n strength found i n 
the  hypok i nes i a  cond it ion, where no countermeasures were emp I oyed, as 
compared t o  long-term space f l i g h t s .  Di f ferences i n  strength loss f o r  
weightlessness and hypokinesia were more pronounced i n  the  t r i c e p s  o f  t he  
c a l f  than I n  the  an te r io r  t i b i a  muscle, p a r t i c u l a r l y  i n  the isometr ic  and 
low-speed condit ion. The authors argue t h a t  the nature o f  t he  changes 
found (e.g., t h e  decrease i n  both extensor and f l e x o r  muscles) as we1 I as 
other evidence (e.g., length of  t i m e  t o  recover muscle strength) imp l i ca te  
at rophic  processes i n  loss of muscle strength a f t e r  long-term f l i g h t s .  
When ind i v idua l  d i f ferences were examined it was found t h a t  magnitude o f  
loss o f  strength was co r re la ted  w i t h  length o f  t i m e  t o  recover, but  not  
w i t h  i n i t i a l  strength. Variance among ind i v idua ls  was t w i c e  as great a f t e r  
space f l i g h t  than a f t e r  hypokinesia. These r e s u l t s  are explained by 
i nd i v idua l  d i f ferences i n  cooperating w i t h  prophylact ic  countermeasures. 
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Figure 1. Velocity-strength relationship in calf muscles before and after 
exposure to diffeerent durations of weightlessness 
Abscissa-angular velocity of movement (degrees/sec); ordinate - developed 
moment of force (km). a and b - long- and short-term weightlessness, 
respectively; upper pair of curves - triceps of calf; lower pair - 
anterior tibia; thick lines - before weightlessness: thin lines - after 
weightlessness. i 
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Figure 2: Mean decrease in strength of muscles in the calf at various 
angular velocities after long-term weightlessness and hypokinesia (with 
head-down t I It) 
Abscissa - angular velocity (degJsec.1; ordinate - decrease in strength 
( % I ;  a - triceps of calf; b - anterior tibia; white bars - weightlessness; 
cross-hatched bars - hypoki nes i a; 
difference significant at P(0.05 
vert i ca I 1 i nes - standard errors; * 




P483( 1 1/87)* Kapl ansk i y  AS, Durnova GN, Sakharova ZF, Morukov BV. 
Effects o f  diphosphonates on development of  osteoporosis in  r a t s  undergoing 
hypok i nes 1 a. 
Kosmicheskaya B io log i ya  i Aviakosmicheskaya Meditsina. 
E11 references; 8 i n  Engl ish] 
21(1): 47-51; 1987. 
Musculoskeletal System, Osteoporosis 
Rats, Males 
Immobilization; Psychology, Stress; Diphosphonates 
Abstract: I n  t h i s  study 47 male Wistar r a t s  were housed i n  immobi I i z a t i o n  
cages f o r  60 days. Experimental ra ts  received ora l  doses o f  
hydroxydimethyl aminopropylene dlphosphonic ac id  (HMAPDA) and 
hydroxyethylene diphosphonic ac id  (HEDA) i n  d a i l y  doses of  6 and 9 mg 
respect ive ly  per 1 kg body weight. The vivarous contro l  group underwent no 
experimental treatment, a hypokinesia contro l  was immobil ized i n  cages but 
received no drugs, and a drug control  received drugs but no immobi i ization. 
Af ter  60 days t h e  animals were weighed, t h e  lengths of t h e i r  t a i  I s  measured 
(as an i nd i ca to r  o f  I inear growth), and then sacr i f iced. The t i b i a  bone 
and t h e  lumbar po r t i on  of  the spine were i so la ted  and the  length o f  t he  
t i b i a  measured. Bones were fixed, decalc i f ied,  and 5 um Thick cross- 
sect ional  s l i c e s  made and stained. Microscopic and q u a n t i t a t i v e  
h i stomorphometr i c ana 1 yses were performed. 
secondary spong I osa was determ i ned, the w i dth o f  t he  ep i phys i a l  p r  i mary 
c a r t i  laginous growth I ayer was measured, and numbers of osteoc lasts  and 
osteoblasts i n  20 f i e l d s  were counted. 
The dens i t y  of p r  i mary and 
Drugs administered t o  r a t s  undergoing normal a c t i v i t y  had no e f f e c t  on 
t h e i r  weight, growth, or  t i b i a  length. However, HMAPDA led t o  substant ia l  
changes i n  the s t ruc tu re  o f  the bone. I n  these r a t s  both bones studied 
showed . i ncreases i n pr  I mary spongiosa dens i ty, growth i ayer w i dth, and 
width o f  t h e  primary spongiosa zone, decrease i n  a c t i v e  osteoblasts, and 
increase i n  osteoclasts which included more g i a n t  mul t inuc leated ce l ls .  No 
change was found i n  the secondary spongiosa i n  e i t h e r  bone. Thus, wh i l e  
HMAPDA led t o  increased densi ty of  primary spongiosa, t he  newly formed bone 
t i s s u e  d i f f e r e d  q u a l i t a t i v e l y  from normal t issue, and the process o f  
m ine ra l i za t i on  of such t i ssue  could be disrupted. The changes are 
described as associated w i t h  i n h i b i t i o n  o f  bone resorpt ion.  Admin is t ra t ion 
o f  HEDA t o  normal r a t s  led t o  changes which were s i m i l a r  i n  d i r e c t i o n  but  
less pronounced than those r e s u l t i n g  from HMAPDA. Hypokinesia led t o  
decreases i n  body weight, growth, density o f  spongy bone (beginning o f  
osteoporosis), I ength of the t i b i a  bone, and w i d t h  o f  the c a r t  i I aginous 
growth layer and the  primary spongiosa zone. No s i g n i f i c a n t  changes were 
seen i n  the number o f  osteoclasts or osteoblasts i nd i ca t i ng  t h a t  no major 
changes i n resorpt  i on occurred. Adm i n  i s t r a t i  on o f  HMAPDA t o  i mmob i I I zed 
r a t s  d i d  n o t  have a p o s i t i v e  e f f e c t  on body weight o r  growth, but d i d  
increase densi ty o f  primary (greater than vivarous con t ro l )  and secondary 
spongiosa (equal t o  controi).  Width of t he  ca r t i l ag inous  growth layer was 
no d i f f e r e n t  from t h a t  of normal rats, w h i l e  width o f  primary spongiosa 
zone was higher. 
zone was one-half t h a t  of immobilized animals rece iv ing  no drugs, and one- 
quarter o f  t h a t  o f  normal animals, while the number o f  osteoc lasts  
increased. Thus, admin i s t ra t i on  o f  HMAPDA t o  animals undergoing 
hypokinesia led t o  i n h i b i t i o n  o f  both growth and reso rp t i on  o f  bone; 
The number o f  act ive osteoblasts i n  the primary spongiosa 
7 1  
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however, since i n h i b i t i o n  o f  resorpt ion was stronger, t he  densi ty of spongy 
bone increased. Admin is t ra t ion o f  HEDA a l so  had no e f f e c t s  on body weight 
o r  ove ra l l  growth. In  the spine, the only change noted was an increase i n  
secondary spongiosa density. Other parameters were equivalent t o  those o f  
animals immobil ized wi thout  drugs. I n  the  t i b i a ,  there was a decrease i n  
densi ty and width o f  the primary spongiosa zone, as we1 I as a decrease i n  
number of act ive osteoblasts. Density o f  secondary spongiosa was greater 
than t h a t  of immobil ized r a t s  but lower than contro l  levels. Number o f  
osteoclasts was equivalent t o  controls, Thus, HEDA led t o  decreased 
reso rp t i on  i n  the spine, w h i l e  decreases i n  both reso rp t i on  and bone 
format ion were noted i n  t h e  t i b i a .  The authors conclude t h a t  HMAPDA i s  the  
more e f f e c t i v e  drug f o r  preventing osteoporosis. 
Table 1: Ef fects  of diphosphonates on body weight, length of  t a i l  and t i b i a  
bone i n  r a t s  which had undergone 60 days o f  hypokinesia. 
Table 2: Ef fects  o f  diphosphonates on histomorphometric parameters of  t i b i a  
bones I n  r a t s  which had undergone 60 days of hypokinesia 
Tab1 e 3: Effects  o f  diphosphonates on h istomorphometr i c  parameters of  t h e  
lumbar vertebrae o f  r a t s  which had undergone 60 days o f  hypokinesia. 
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P501(11/87) Tatarinov AM, Grigor'yev AI, Dzenis VV, Yanson KhA, Oganov VS, 
Rakhmanov AS. 
Changes i n  the  state  of t i b i a  bones i n  humans dur ing hypokinesia with head- 
down tilt. 
Mekhanika Kompozitnykh Materialov. 
[6 references; none i n  Engl ish] 
Authors' A f f i l i a t i o n s :  Latv ian S c i e n t i f i c  Research I n s t i t u t e  o f  
Traumatology and Orthopedics, Riga; I n s t i t u t e  o f  Biomedical Problems, USSR 
Academy of Health, Moscow; A.Ya Pel'she Polytechnical  I n s t i t u t e  o f  Riga. 
Musculoskeletal System, Biomechanical Properties; Mineral Content; 
1986(1): 134-143. 
Operational Medicine, Diagnosis Techniques, Ultrasound Scanning, Photon 
Absorpt iometry 
Humans, Ma I es 
Hypokinesia, Head-down T i l t ;  Countermeasures, Exercise, Drugs 
Abstract: The goal o f  t h i s  experiment was inves t i ga t i on  o f  changes i n  the 
b i omechan i ca I proper t  i es o f  ti b i a bones o f  men undergo i ng I ong-term 
hypokinesia w i t h  head-down tilt combined w i t h  var ious exercise programs and 
pharmacological countermeasures. Data on these bones obtained through 
ultrasound scanning and photon absorptiometry were compared. Subjects were 
15 men, aged 19-44, who were undergoing a 120-day per iod o f  bed r e s t  w i th  
head-down tilt o f  -5O. Three o f  these subjects, the controls, received no 
countermeasures, 3 were given a pharmacological substance (not  speci f led) 
t o  prevent the deleter ious e f f e c t s  of the treatment, 4 pa r t i c i pa ted  i n  a 
physical t r a i n i n g  program, and 4 received both the drug and t h e  t ra in ing.  
Bone measurements were made i n  the baseline period, and a t  the end o f  
months 1, 2, 3, and 4 of hypokinesia, and 4 days and 1 month a f t e r  t he  
t reatment term i nated. A I  I measurements were performed I n the morning. 
Ultrasound scanning measurements were made along the  medial surface o f  the 
t i b i a ,  a t  10 zones, each one of  which was l / l O t h  of  the t o t a l  bone length, 
and was from 3.3 t o  4.3 cm. wide, depending on subject. Piezo e l e c t r i c  
leads were used. Measurements were made 3 t imes i n  each zone, w i t h  contact  
between the  lead and the  cal  f reestabl ished each ti me. 
enabled measurement of the speed of  propagation of  a def lected ultrasound 
wave i n  the  compact bone t i ssue  o f  the t i b i a .  
performed using a commercial bone mineral detector i n  the seventh and 
eighth zone measured by ultrasound scanning. 
This procedure 
Photon absorptiometry was 
Because o f  substant ia l  ind iv idual  differences, noted i n  the basel ine 
period, group d i f ferences i n  ultrasound o r  photon absorption data were not  
s t a t i s t i c a l l y  s ign i f i can t .  However, the  combined prophylact ic  measures 
cond i t i on  appeared t o  be associated with the  fewest changes i n  bone 
parameters over the period. When data f o r  i nd i v idua ls  was examined, 3 
pat terns o f  change were discerned i n  parameters over the course o f  
treatment. I n  some subjects (group I, n=6), parameters (mean speed o f  
sound, and mineral content) decreased t o  a minimum a f t e r  1 o r  2 
months, and then were restored t o  approximately basel ine value by the  end o f  
4 months. In  group i I subjects (n=5) these parameters continued t o  increase 
over t h e  course o f  treatment, and i n  group i I I (n=4) they decreased 
stead i 1 y. For a l  I groups, d i r e c t  i on of  change i n  u I trasound parameters 
coincided w i th  t h a t  o f  parameters from photon absorptiometry, i nd i ca t i ng  
t h a t  ultrasound scanning can provide data about mineral content o f  bones. 




zones o f  an ind iv idua l ' s  t i b i a  are in te rpre ted  as i nd i ca t i ng  adaptation t o  
loading. These values are no t  cor re la ted  w i t h  mineral content parameters. 
Tab I e: Compar i son o f  t he  ef fect iveness of prophy I a c t  i c measures aga i n s t  
changes i n  ultrasound and absorptiometry parameters f o r  experimental groups 
Figure 1: Determination of ultrasound parameters using ove ra l l  averaged 
curve of d i s t r i b u t i o n  o f  r a t e  along the  length o f  the  bone 
Figure 2: Examples o f  acoustic heterogeneity of t h e  medial surface o f  t h e  
t i b i a  
Figure 3: Averaged curves o f  ultrasound propagation r a t e  along t h e  length of 
the  bone and standard deviat ions f o r  the d i f f e r e n t  treatment groups 
Figure 4: Changes i n  ultrasound and photon absorptiometry parameters for 
treatment groups 
Figure 5: Changes i n  speed along the  length of t h e  bone 
F igure  6: Changes i n  ultrasound and photon absorptiometry parameters i n  
groups showing d i f f e r e n t  patterns o f  change 
F igure  7: D i s t r i b u t i o n  o f  ultrasound parameters i n  groups showing d i f f e r e n t  
pa t te rns  of  change 
Figure 8: Cor re la t ion  between monthly measurements o f  change i n  r a t e  o f  
ultrasound propagation and mineral content o f  the  bones 
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PAPERS: 
P449( 11/87)* Bodrov VA, Fedoruk AG. 
Assessment of the funct ional  s t a t e  of p i l o t s  on the basis  of parameters of 
i nterhem i sphere asymet ry  . 
Kosmicheskaya B io log iya  i Aviakosmicheskaya Meditsina. 
[15 references; none i n  Engl ish] 
20(6): 18-21; 1986. 
Neurophysiology, lnterhemlsphere Asymmetry 
Humans, P i  lo ts ,  Norming Study; Personnel Select ion 
F l i g h t  Factors, Acceleration, Hypoxia, Tolerance; Human Performance 
Abstract: I n  t h e  f i r s t  p a r t  of t h i s  study percent i  I e norms were developed 
f o r  interhemisphere asymmetry using a norming populat ion o f  438 p i l o t s  and 
students i n  f l i g h t  t ra in ing.  The parameter used was t h e  " r i g h t  ear 
coef f i c lent"  [not f u r t h e r  descr i bed], ev i dent I y der ived f r a n  performance on 
a d i c h o t i c  I is ten ing  task. I n  t h e  second p a r t  o f  the  study s tab i  I i t y  
o f  hemispheric dominance was tested i n  f l i g h t  crews exposed t o  two 
extreme f l i g h t  factors:  accelerat ion on a cen t r i f uge  of 3- t o  5-9 for 30 
seconds (53 p i l o t s ) ,  and cont inual  cumulative C o r i o l i s  accelerat ion (15 
subjects). I n  t h e  f i n a l  po r t i on  o f  the study, 9 operators ( p i l o t s ? )  were 
exposed t o  a 6-hour s imulated f l i g h t ,  w i th  fac to rs  modeled inc lud ing 
hypoxia (equivalent t o  3500 m), noise of 100 dB, and t h e  requirement t o  
perform a compensatory t rack ing  task and so lve l og i ca l /a r i t hmet i c  problems 
under speed-accuracy instruct ions.  Q u a l i t y  o f  performance was assessed on 
the  bas is  o f  temporal parameters and number of errors. Operators' 
funct ional  s ta tes  were assessed on the basis of changes i n  hear t  rate, 
r e s p i r a t i o n  rate, m i nute resp i ra to ry  voi ume, and sel  f - rated general s t a t e  and 
mood. I n  addit ion, 33 p i  l o t s  were tested under actual f I i g h t  condit ions. 
I n  order t o  est imate the u t i  I i t y  o f  ind icators  o f  interhemisphere asymmetry 
for p red ic t i ng  f I i g h t  performance, comparisons were made of asymmetry 
parameters of f 1 i g h t  crewmembers w i t h  d l f f e r e n t  to lerance of f I i g h t  
f ac to rs  and vary ing task performance levels. 
Resul ts o f  the  f i r s t  p o r t i o n  of the study ind icated t h a t  a " r i g h t  ear 
c o e f f i c i e n t B f  of 2-55 was very low, 6-106 was low, 11-255 was below average, 
26-405 was average, 41-5@ was above average, 51-65% was high, and greater  
than 65% was very high (percent i  l e  equivalents of descr ip tors  no t  given.) 
I n  general, there was no s i g n i f i c a n t  re la t ionsh ip  between number of  years 
of f l i g h t  t r a i n i n g  for t ra inees  and p i l o t s  and t h e  asymmetry parameter. 
P i l o t s  w i t h  t h e  very highest level  of f l i g h t  q u a l i f i c a t i o n  d i d  have a 
s i g n i f i c a n t l y  higher coe f f i c i en t  of asymmetry. The second p o r t i o n  of the  
study revealed no s i g n i f i c a n t  e f f e c t s  of r a d i a l  accelerat ion on the  
asymmetry coef f ic ient .  However, it was found t h a t  asymmetry tended t o  
i ncrease under accel e r a t  ion i n  p i I ots w i t h  h i gh to1 erance, but t o  decrease 
i n  those w i t h  low tolerance. Af ter  Coriol i s  accelerat ion, the  asymmetry 
parameter dropped substant ia l  l y  and was accompanied by symptoms o f  mot ion 
sickness. I n  t h e  t h i r d  p o r t i o n  of the  study, t h e  parameter o f  asymmetry 
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began t o  drop a f t e r  3-4 hours of exposure t o  t h e  s imulated f I i g h t  
conditions, and was less than 40% basel ine a f t e r  6 hours o f  exposure. 
change was accompan i ed by grow i ng f a t  i gue, and deter i o r a t  i on of  
physiological  parameters and task performance. A f t e r  2 or 3 f l  ights, 
however, the asymmetry parameter had Increased, bu t  t o  a greater extent  i n  
p i l o t s  who performed better. The b e t t e r  p i l o t s  a lso  had higher i n i t i a l  
I eve1 s of asymmetry. 
funct ions i n  the cerebral hemispheres f a c i l i t a t e s  greater to lerance o f  
f l i g h t  factors and a higher level  of f l i g h t  performance. In  addi t ion:  1 )  
under exposure t o  f 1 i g h t  factors, increasing asymmetry tends t o  be 
assoc i ated w i t h  h i gh to1 erance, and decreas i ng asymmetry w i t h  I ow 
to1 erance; 2) h i gher i n it i a I asymmetry i s a l  so associated w i t h  b e t t e r  
to1 erance; 3) the  extent  of asymmetry i s  p o s i t i v e l y  associated w i t h  t h e  
funct ional  s t a t e  of the  p i l o t  and h i s  task performance. Thus, parameters 
i nd i c a t  ive o f  i nterhem i sphere asymmetry may be usef u I i n  p i I o t  se I e c t  i on. 
This 
The authors concl ude t h a t  marked 1 atera l  i z a t i o n  o f  
100 ' O b i - " - ;  ~i ,a 
\ -  / \ .  - 10 
Figure 1: Changes i n  parameters of funct ional  interhemisphere asymmetry ( i n  
5 )  a f t e r  exposure t o  accelerat ion 
a - control;  b - p i l o t s  w i t h  high tolerance o f  accelerat ion; c - p i l o t s  
w i t h  low tolerance; d - cont inual  cumulat ive Cor io l  i s  accelerat ion; wh i te  
bars - before exposure; cross hatched bars - a f t e r  exposure. 
F igure 2: Changes over t ime  i n  parameters o f  interhemisphere asymmetry and 
q u a l i t y  of task performance dur ing simulated 6-hour f l i g h t  
unbroken l i n e  -- r i g h t  ear coef f i c ien t ;  dot ted l i n e  -- performance qua l i t y ;  
abscissa - exposure durat ion i n  hours. 
x 
60 r 
Figure 3: Parameters o f  interhemisphere asymmetry ( i n  $1 i n  p i l o t s ,  
performing f l i g h t  tasks wel l  ( 1 )  and less wel l  ( I l l .  
whi te  bars -- p r e f l i g h t ;  cross-hatched -- post  f l i g h t .  
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P458(11/87)* Z a r i t s k i y  VV, Krylov YuV 
Effects of altered circulation on human nystagmic reactions. 
Kosmicheskaya B io log iya  i Aviakosmicheskaya Meditsina. 
[14 references; 4 i n  Engl ish] 
20(6): 58-61; 1986. 
Neurophysiology, Nystagmus, Optokinetic Stimulat ion, Cor io l  i s  Accelerat ion 
Humans, Males 
Cardiovascular and Respiratory Systems, A l tered C i rcu la t ion ,  Head-down T i l t  
Abstract: Subjects i n  t h i s  experiment were 44 males, aged 19-42, exposed t o  
op tok ine t i c  s t imu la t i on  and Cor io l  i s  accelerat ion wh i l e  i n  a head down ti lt 
pos i t i on  (-loo). 
were studied. Vestibular s t imu la t i on  was induced by r o t a t i n g  the  ti lt 
t a b l e  around the  v e r t i c a l  ax i s  wh i l e  the subject  was l y ing  on h i s  back i n  
t h e  head-down posit ion; a t  t he  same time, the  subject's head was moved S O o  
i n  the  s a g i t t a l  piane a t  an increasing rate. Optok inet ic  s t imu la t i on  was 
achieved w i t h  a r o t a t i n g  d isk  containing a l t e r n a t i n g  dark and l i g h t  
str ipes. F i f t e e n  minutes a f t e r  a subject assumed the head-down pos i t i on  he 
was ro ta ted  t o  the  l e f t  w i t h  h i s  eyes closed, t o  a maximum angular v e l o c i t y  
o f  120°/sec. A t  the  same time, the optok inet ic  d isk was ro ta ted  t o  the  
l e f t  a t  220°/sec. A f te r  th ree  minutes o f  r o t a t i o n  a t  constant rate, t he  
subject  opened h i s  eyes and op tok ine t ic  nystagmus was recorded f o r  10 
seconds. Next, C o r i o l i s  accelerat ion ( i nvo l v ing  combined head movement and 
r o t a t i o n )  commenced and vest ibu looptok inet ic  nystagmus was measured. 
the  subject began t o  show symptoms o f  motion sickness, r o t a t i o n  was stopped 
and op tok ine t ic  nystagmus was recorded again. I n  addit ion, the 
inves t iga tors  examined t h e  e f f e c t s  o f  changing the  f i x a t i o n  p o i n t  on the  
op tok ine t ic  d isk on parameters of op tok ine t ic  nystagmus. 
Resul ts showed t h a t  induct ion o f  motion sickness increased t h e  ampl i tude 
and slow-phase r a t e  of op tok lne t i c  nystagmus. When the  head was moved back 
and f o r t h  between a ra ised  p o s i t i o n  and a neutral one, r e s u l t i n g  vest ibu lo-  
op tok ine t i c  nystagmus was more pronounced than when it was moved back and 
f o r t h  t o  a lowered pos i t ion.  When subjects were placed i n  a head-down 
posi t ion,  op tok ine t i c  nystagmus decreased, especial l y  when they were asked 
t o  t rack  an op tok ine t i c  s t imu lus  close t o  the  center of the  disk. With 
cent ra l  f i xa t i on ,  r o t a t i o n  led t o  fur ther  decrease i n  number o f  nystagmic 
eye movements, whi 1 e amp1 i tude and slow-phase r a t e  remained unchanged. 
When subjects tracked s t i m u l i  f u r the r  from the center o f  the disk, the  
magn i tude o f  a l  I nystagmic parameters i ncreased. 
The authors conclude t h a t  t h i s  ser ies  of experiments has revealed a very 
i mportant phenomenon: mod i f i ca t  i on o f  optok i net  i c nystagmus i n concurrence 
w i t h  f l u i d  s h i f t s  i n  the c ran ia l  direct ion. Evidently, d i s rup t i on  o f  
hemodynamic s t a b i l  i t y  i n  t h e  peripheral and cent ra l  por t ions  o f  t he  
ves t i bu la r  system led t o  changes i n  vest ibu lar  functioning. These r e s u l t s  
conf i rm the we1 I-known c l  i n i c a l  f ind ing t h a t  t he  ves t i bu la r  system i s  
h igh l y  sens i t i ve  t o  hemodynamic changes, and i n d i r e c t l y  suggest that, 
during the  i n i t i a l  per iod of adaptation t o  space f l i g h t  conditions, the  
hemodynamic fac to r  can a l t e r  vest ibu lar  func t ion ing  and, i n  combination 
w i t h  other factors, con t r ibu te  t o  t h e  development o f  space motion sickness. 





Table 1: Parameters of optokinetic nystagmus during induction of motion 
sickness in head-down tilt position 
Tab1 e 2: Parameters of vest i bu I ooptoki net i c nystagmus dur 
vestibular stimulation in head-down position 
ng visua 
Table 3: Parameters of optokinetic nystagmus during visual-vestibular 
stimulation in head-down tilt position (-loo; n=17) 
Condition Central Fixatlon 
number of anplitude slow phase 
movements to ta l ,  0 rate, O/sec 
I 32.1 71.2 16 .O 
I I  29.1 77 .O 14.2 
I l l  26.3 63.5 13.6 
I V  26.1 72.6 14.9 
V 30.3 85.4 18.5 
VI 31.5 73.3 16.0 
Peripheral Fixatlon 
number of 
movements t o t a  I ,O rate,o/sec 
anpl itude slow phase 
30.3 127.2 27 .O 
29.0 122.1 26.3 
43.3 137.6 31 .O 
30.1 161.4 34.8 
32.3 145.3 32 .O 
28.1 132.2 28.4 
I :  horizontal position, no rotation; I I :  head-down position, no rotation; 
I I I :  head-down position, rotation at 120°/sec; I V :  head-down position, 
120°/sec; V: head-down position, 120°/sec.; V I :  horizontal position, no 
rotation; I - I I I ,  before motion sickness induction; IV  - V I  after mot ion 
sickness induction 
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P459(11/87)* Tr inus KF. 
Thresholds of long latency evoked potentials and sensations of movement I n  
humans exposed t o  l inear acceleration. 
Kosmicheskaya B io log i ya  i Aviakosmicheskaya Meditsina. 
[ lo  references; 7 i n  Engl ish] 
20(6): 62-66; 1986. 
Neurophysiology, Long Latency Evoked Potent ia ls,  Motion Perception 
Humans, Patients, Meniere's Disease, Labyr inthine Areflexia, N e u r i t i s  o f  
Auditory Nerve 
Linear Accelerat ion 
Abstract: Subjects i n  the experiments described here included a t o t a l  o f  47 
i nd i v idua ls  o f  both sexes aged 14 t o  38, o f  whom 34 were healthy, 2 
suf fered from b i l a t e r a l  a r e f l e x i a  of the labyrinths, 4 had Meniere's 
disease, and 5 suf fered from audi tory neu r i t i s .  I n  a dark room, subjects 
were seated i n  a specially-designed chai r  which could be ra ised t o  produce 
I i near accel e r a t  ion a t  d i f f erent  rates. 
sensations o f  motion by pushing a button i n  t h e  chair 's  arm. A computer 
recorded accelerat ion r a t e  and subjects' EEGs. EEG records were 
s p e c i f i c a l l y  d i rected a t  recording long latency p o t e n t i a l s  evoked by 
accelerat ion. I n  the  f i r s t  experiment, the threshold value f o r  
accelerat ion g i v i n g  r i s e  t o  sensation of  movement was studied i n  heal thy 
subjects. I n  the second experiment, long latency po ten t i a l s  evoked by 
accelerat ion were recorded i n  a s i m i l a r  population. Experiment 3 evaluated 
the possible con t r i bu t i on  o f  a r t i f a c t s  and ind iv idual  sensory and motor 
systems t o  the  effects. Experiments 4 and 5 were t h e  counterparts o f  1 and 
2 using the populat ion o f  patients. 
Subjects indicated commencement o f  
Heal thy i nd i v idua ls  a l  I experienced 3 types o f  sensations o f  movement as 
I inear accelerat ion increased: a sensation o f  movement und i f f e ren t i a ted  
f o r  d i r e c t i o n  (mean threshold: 8.0 cm/secz); a sensation o f  movement 
d iametr ica l  ly  opposed t o  actual movement (mean threshold: 12.4 cm/sec2); 
and percept ion o f  motion i n  t h e  ver id ica l  d i r e c t i o n  (mean threshold: 
16.1 cm/secl 2). 
f o r  threshold f o r  perceiv ing und i f f e ren t i a ted  motion, w h i l e  v a r i a b i l i t y  
was lowest f o r  inverted motion threshold, w i t h  i n te r -  and i n t r a i n d i v i d u a l  
v a r i a b i l i t y  v i r t u a l l y  ident ica l .  Threshold f o r  perce iv ing motion 
v e r i d i c a l  l y  showed the greatest  dif ference between in te r -  and 
i n t r a i n d i v i d u a i  v a r i a b i l i t y .  When a subgroup o f  subjects was d iv ided on t h e  
basis o f  whether or not they under- or overestimated ob jec t i ve  probab i I i ty, 
it was found t h a t  those who overestimated had a threshold o f  perceived 
movement approximately h a l f  o f  those who underestimated (n's very smal I). 
The t y p i c a l  curve of long latency accelerat ion evoked p o t e n t i a l s  had two  
p o s i t i v e  and one negative peak. As accel e r a t  ion increased, 1 atency o f  
peaks decreased. Threshol d f o r  evoked potent i a l  was s e t  arb i t r a r  I I y a t  t he  
p o i n t  where signal-to-noise r a t i o  was a t  l e a s t  2:l (5.7cm/sec2). As 
accelerat ion increased from the evoked p o t e n t i a l  threshold t o  the  sensation 
o f  und i f f e ren t i a ted  motion threshold, the greatest  latency decrease 
involved the  second p o s i t i v e  peak. 
und I f f e r e n t  i a ted  t o  the i nverted mot ion threshol  d had the greatest  e f f e c t  
on a l l  three peak latencies, w h i l e  increasing accelerat ion from inverted t o  
co r rec t  perceived motion threshold affected t h e  latency o f  the negative 
peak more than the  others. E f fec ts  o f  motion of EEG leads, and oculomotor- 
and auditory-evoked po ten t i a l s  were ruled out  as responsible f o r  the e f f e c t  
Both i n te r -  and i n t r a i  nd i v  i dual var i ab i I i t y  were greatest  
Increasing accelerat ion from the  
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observed. Subjects w i th Men iere's disease showed threshol ds of subjective 
perception of motion similar to the norm, while the latency of peaks 
contra I ateral to the affected s i de i ncreased. I nd iv i dua I s w I th b i I atera I 
hyporeflexia or vestibular pathologies showed increased peak latencies and 
hlgher thresholds for perceiving motion. 
Table: Values for latent perlods of peaks of long-latency potentials evoked 
by acceleration and their coeff icients of variation for different levels of 
acceleration 
Figure 1: Diagram of chair used to produce linear acceleration 
Figure 2: Examples of potentials evoked by acceleration in healthy 
individuals a -- acceleration, in the area of threshold for subjective 
sensations; b -- accelerations exceeding the ones required for subjective 
sensations; c - vestibuloocular response to the effects of acceleration 
80 
NEUROPHYSIOCOGY 
P468( 11/87]" Koval ev VYu, Tigranyan RA. 
Level of polyrmines i n  t h e  b r a i n  of r a t s  undergoing long-term hypokinesia. 
Kosmicheskaya B io log iya  i Aviakosmicheskaya Meditsina. 
[ lo  references; 5 i n  Engl ish] 
20(6): 86-87; 1986. 
Neurophysiology, Polyamines, Cerebrum, Cerebellum, Medulla Oblongata 
Rats 
lmmobiiization; Psychology, Stress 
Abstract: Male Wistar r a t s  were confined i n  immobi l izat ion cages f o r  15, 
20, 30, 60, o r  90 days, a f t e r  which t h e  concentrat ions o f  polyamines i n  the  
medulla oblongata, cerebellum, hypothalamus region, and cerebral 
hemispheres were determined using ion exchange chromatography fo l lowed by 
e l  ectrophores i s. 
20 days o f  hypokinesia, and put resc ine and spermidine a f t e r  30 days. 
60 days, polyamines i n  the  medulla were no d i f f e r e n t  from i n i t i a l  values, 
wh i l e  a f t e r  90 days put resc ine and spermidine were again depressed. 
only change noted i n  the  cerebel l u m  was depression o f  spermidine a f t e r  20 
days. I n  the  hypothalamus region, 15-days of hypokinesia led t o  depression 
o f  spermidine, 20 days t o  drop i n  spermidine and spermine; 30 days t o  drop 
i n  a l  I polyamines; 60 days t o  no changes from baseline; and 90 days t o  
depression of sperm i d  i ne. I n  the  cerebral hem i spheres, a i  i po I yam i nes were 
depressed r e l a t i v e  to cont ro i  on days 20, 30, and 90 o f  hypokinesia, wh i l e  
on day 60 polyamines were a t  basel ine levels. 
d i f f e r e n t  por t ions  o f  the  b ra in  reac t  d i f f e r e n t l y  t o  hypokinesia, w i th  the 
cerebrum being most sens i t i ve  and t h e  cerebellum least. The authors note 
t h a t  changes i n  polyamine concentrations appear t o  be c y c l i c a l  over the  course 
of 1 ong-term hypok i nes i a w i t h  greatest decreases occurr  i ng on days 20-30, 
r e l a t i v e  normal izat ion on day 60, and new (but  less extreme) decreases on 
day 90. 
I n the  medu I I a ob I ongata, sperm i d i ne was depressed a f t e r  
A f te r  
The 
These data show t h a t  
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P469( 11/87]" Tigranyan RA, Vaku 1 i na OP. 
Response of the opioid system in  sympathectomized r a t s  t o  immobi I i t a t ion  
stress. 
Kosmicheskaya B io log i ya  i Aviakosmlcheskaya Meditsina. 
[14 references; 11 i n  Engl ish] 
20(6): 87-89; 1986. 
Neurophysiology, Opioid System, Adrenergic, Chol i ne rg i c  
Rats, Male, Sympathectomized 
lmmobi I ization; Psychology, Stress 
Abstract: Ma 1 e W i s t a r  r a t s  were sympathectom ized by in t raper  i tonea I 
i n jec t i on  o f  6-oxydopamine causing reve rs ib le  degeneration o f  adrenergic 
te rmina ls  o r  by i n j e c t i o n  of t h i s  substance i n t o  t h e  t h i r d  b r a i n  v e n t r i c l e  
destroying the  te rm ina ls  of cho l i ne rg l c  neurons. Control animals were 
i n jec ted  i n  t h e  same s i t e s  w i t h  a p l  acebo. On day 4 a f t e r  in t raper i tonea l  
i n jec t i on  and day 6 a f t e r  the b ra in  in ject ion,  animals were immobil ized on 
a special stand f o r  150 minutes and then sacr i f iced.  Radioimmune assay was 
used t o  measure concentrat ions o f  methionine enkephalin (ME), leuc ine 
enkephal in  (LE), and beta-endorphin (BE) i n  the  hypothalamus, p i t u i t a r y ,  
midbrain and medulla, of enkephalins i n  the str iatum, BE i n  plasma, and ME 
i n  t h e  adrenal gland. 
A f te r  immobilization, r a t s  given t h e  placebo showed a marked increase i n  
the  level of op io ids  i n  t h e  hypothalamus; LE i n  the  blood increased wh i l e  
it decreased i n  t h e  p i l -u i tary .  Rats sympathectomized through 
In t raper i toneal  i n j e c t i o n  of  6-oxydopamine displayed a marked increase i n  
aggression, elevated l eve ls  o f  LE i n  t h e  str iatum, ME i n  t h e  midbrain and 
adrenal gland, and BE i n  the  hypothalamus, midbrain, and medulla oblongata 
before immobi I ization. A f t e r  immobi I izat ion, leve l  of opioids i n  t h e  
midbrain, medul l a  and adrenal gland remained elevated; concentrat ion of 
enkephalins i n  the  p i t u i t a r y  and ME i n  t h e  hypothalamus increased, w h i l e  
concentrat ion of LE i n  the  s t r i a tum and BE i n  t h e  hypothalamus dropped t o  
con t ro l  levels. BE increased i n  t h e  blood, bu t  was unaltered i n  the  
p i tu i t a ry .  The authors conclude t h a t  destruct ion of per iphera l  adrenergic 
Innervation led t o  changes I n  t h e  concentrat ion o f  o p i o i d  peptides i n  t h e  
braln, as we l l  as d i f fe rences  i n  response t o  lmmobll i za t i on  stress. I n  
par t i cu la r ,  t he  op ia te  s t ruc tu res  of the  b ra in  stem are activated, which i s  
no t  a normal response of animals t o  immobil izat ion. 
I n jec t i on  o f  6-oxydopamine i n t o  t h e  b ra in  vent r i c le ,  led t o  increases i n  
enkephalin i n  the  hypothalamus, LE i n  the  p i t u i t a r y  and BE i n  the blood. 
I n  contrast t o  the  r e s u l t s  previously described, no e f f e c t s  on t h e  
endorphinergic systems of the  hypothalamus and p i t u i t a r y  were noted, w i t h  
the  exception of an increase i n  concentrat ion of ME i n  t h e  hypothalamus. 
A f t e r  immobilization, these r a t s  showed decrease i n  t h e  leve l  of BE i n  t h e  
hypothalamus, midbrain, and medulla, increase i n  t h e  concentrat ion of LE i n  
the  striatum, and espec ia l l y  of ME i n  the  hypothalamus. The authors 
conclude t h a t  under normal cond i t ions  t h e  e f fec ts  of the  chol l ne rg i c  
neurons of the bra fn  on the o p i o i d  system i s  neg l ig ib le ;  however, under 
immobi I i za t ion  s t ress  the  nature of the  response of the  op ia te  system 
depends on the  funct ional  s t a t e  of cho l i ne rg i c  neurons. 
time, the absence of changes i n  t h e  concentrat ion of op io ids  a f t e r  cen t ra l  
sympathectomy may r e f l e c t  a new homeostatic leve l  of synthesis and 
u t i 1  i za t ion  o f  peptides. 
A t  the same 
NEUROPHYS I OLOGY 
P 4 7 Z  11/87)* Yasnetsov VV, Drozd YuV, Shashkov VS, Ryumin Yul. 
On t h e  emetic e f fects  of enkephalin, betbendorphin, and morphine i n  cats. 
Kosmicheskaya Biologiya I Aviakosmicheskaya Meditsina. 
ZO(6): 93-95; 1986. 
[9 references; 7 in Engl ish] 
Neurophysiology, Endogenous Opioid Peptides, Enkephalin, Beta-endorphin, 
Cats 
Emetic Effects 
Morph i ne 
Abstract: This experiment was performed on 15 male cats. 
before testing, a cannula was implanted in the fourth ventricle of each 
animal's brain. EKG and respiration rates were recorded. Experimental 
sessions involved introducing a solution of 10-300 ug enkephalin, morphine 
or beta-endorphin into the cannula. Naloxon, a specific antagonist of 
opiates and opioids, was used to block opiate receptors. 
any of the opioid peptides or morphine caused the cats to vomit one or more 
times, depending on dose. In doses up  to 100 ug, none of the substances 
affected respiration rate. Administration of leucine-enkephalin led to 
tachycardia followed by bradycardia. 
rate, while methionine-enkephalin and beta-endorphin had no significant 
effects on heart rate. When naloxon, was introduced into the brain before 
administration of the peptides and morphine, an emetic effect was observed 
in only 1 out of 8 cases (100 ug beta-endorphin), and effects of 
the opioids and morphine on heart rate were el iminated. 
interpret these results as indicating that endogenous opioid peptides have 
emetic effects. They cause vomiting by interacting with receptors in the 
chemoreceptive trigger zone of the emetic center. 
Three to 5 days 
Introduction of 
Morphine led to slowed heart 
The authors 
Table: Effects of opioid peptides and morphine on parameters of heart 
rate and respiration rate in cats during and after vomiting 
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P489( 1 1/87]" To1 ezhn i kov AV, Bazarov VG, Tsygankov YL, Ku I i kova MV, 
Mishchanchuk NS. 
A spectral representation of vestibular nystagmus. 
Kosmicheskaya B io log iya  i Aviakosmicheskaya Meditsina. 
[3 references; none i n  Engl ish] 
Neurophysiol ogy, Vest i bu I ar Nystagmus 
Humans 
Mathematical Model ing, Spectral Analysis 
Abstract: Th i s work presents a spect ra l  ana I ys i s o f  e l  ectronystagmograms 
(ENGI obtained using a Barany r o t a t i o n  t e s t  w i t h  angular v e l o c i t y  of 180' 
f o r  20 seconds. The model used postu la tes t h a t  t h e  ENG observed dur ing 
r o t a t i o n  and a t  the  ins tan t  r o t a t i o n  terminates i s  t h e  sum of a determinate 
component f ( t )  and a random component. The spectrum of the d isc re t i zed  
determinant component i s  evaluated by means of a procedure u t i l i z i n g  f a s t  
Four ier  transforms. Both t o n i c  and c l o n i c  nystagmus are  analyzed. The 
authors conclude t h a t  i n  both types o f  nystagmus, the  amp1 i tude o f  the  
the f i r s t  harmonic i s  v i r t u a l l y  independent of t h e  value o f  t h e  r a t i o  of 
slow phase durat ion t o  rap id  phase duration; amp1 i tude of the second 
harmonic undergoes s i g n i f i c a n t  changes as a func t ion  of  t h i s  r a t i o ;  wh i l e  
the  ampli tude o f  the remaining harmonics can be ignored. For d iagnost ic  
purposes, it i s  des i rab le t o  use the  frequencies of the  f i r s t  and second 
harmonics and a lso  t h e  r a t i o  o f  t h e  square of t h e  amp1 i tude o f  the  second 
harmonic t o  t h a t  of the  f i r s t .  
21(1):71-73; 1987. 
Figure 1:  Typical  segments of c l o n i c  and t o n i c  ENG. 
F igure 2 :  D i a g r m  of c l o n i c  and t o n i c  nystagmus. 
F igure 3: Changes i n  harmonic components o f  c l o n i c  and t o n i c  nystagmus. 
8 4  
NEUWYS I amy 
P493(11/87)* Ovsyanik VP, Baykay EA, Gurik VV, Karimov RSh, Udovik SL, 
Kovalenko LS. 
Ef fec t  of speci f ic  st imulat ion of thevest ibular  system on medium 
I atency acoust I c evoked potent I a1 s. 
Kosmlcheskaya B io log i ya  i Aviakosmicheskaya Meditsina. 
[No references] 
21(1): 80-82; 1987. 
Neurophysiology, Medlum-Latency Acoustic-Evoked Po ten t i a l s  
Humans, Ind iv idua l  Di f ferences 
Vest i bu I ar To1 erance, Rotat ion 
Abstract: The purpose o f  t h i s  study was analys is  o f  changes i n  ampl i tude o f  
medium-latency acous t ica l l y  evoked potent ia ls  before and a f t e r  ves t i bu la r  
s t i m u l a t i o n  i n  ind iv idua ls  w i th  varying degrees o f  ves t ibu la r  tolerance. A 
t o t a l  of 34 healthy i nd i v idua ls  w i th  normal hearing par t ic ipated.  These 
subjects were d iv ided i n t o  3 groups on t h e  basis o f  to lerance o f  ves t i bu la r  
s t i rnu lat ion:  group 1 contained 4 subjects w i t h  high tolerance; group 2 -- 
8 subjects w i th  moderate tolerance; and group 3 -- 22 subjects w i th  low 
tolerance. The experimental apparatus consisted o f  a r o t a t i n g  chair, an 
acoust i c s i gna I generator, and a dev ice f o r  record i ng evoked b i oe I ec t r  i c 
a c t i v i t y .  Acoustic s t imu la t i on  had an i n tens i t y  o f  70 dB and lasted 3.5 
msec. Acoustical l y  evoked po ten t i a l s  were measured i n  a l  I groups 5 t imes 
before ves t i bu la r  s t imu la t i on  and mean and standard e r r o r  o f  amplitude and 
I a ten t  per i ods most character i s t  i c  o f  t he  coch 1 eomyogen i c component were 
calculated. Vest ibu lar  s t i rnu la t ion  involved 2 minutes o f  r o t a t i o n  w i th  
v e l o c i t y  o f  180°/sec, fo l lowed by a stop w i th  the  head inc l ined  forward. 
A f te r  the stop, acoust ic s t imu la t i on  was again given and the der ived 
amp1 itudes o f  evoked p o t e n t i a l s  measured. Subjects i n  t h e  two less t o l e r a n t  
groups showed r e l i a b l e  di f ferences i n  a t  least  some parameters o f  evoked 
potent  i a 1 before and a f t e r  vest i bu I ar s t  I mu I a t  i on. No such d i f f erences were 
found i n  the  high-tolerance group [however, there were on ly  4 subjects  i n  
t h i s  group]. 
cyc l  es of  s t  i mu I a t  1 on. 
Di f ferences among groups were a lso found a f t e r  repeated 
Tab 1 e: Mean d I f f erences, standard error  of d i f ference, and s i gn i f i cance o f  
d i f fe rence i n  amplitude components of  medium latency acous t ica l l y  evoked 
potent i a 1 before and a f t e r  s t  i mu I a t  I on o f  t he  vest  i bu I a r  system i n  
i nd i v idua ls  i n  d i f f e r e n t  groups 
F igure 1: Medlum-latency acoust ica l ly  evoked p o t e n t i a l s  i n  subject R.K. i n  
response t o  acoust ic st imulus o f  70 dB 
F igure 2: Typical type of changes i n  c o e f f i c i e n t  of d i f fe rence f o r  
amp1 i tude components I n  ind iv idual  subjects dur ing and immediately a f t e r  
repeated r o t a t  i on 
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P494(11/87)* Ovsyanik VP, Udovik SL. 
Long-latency evoked potentials in human exposure to linear acceleration. 
Kosmicheskaya Biologiya i Aviakosmicheskaya Meditsina. 
[ l  reference; none in Engl ish] 
21 (1): 82-86; 1987. 
Neurophys io1 ogy, Cerebral Cortex, Long-Latency Evoked Potentials 
Humans, Patients, Vestibular Disorders 
L i near Acce I erat i on 
Abstract: The goal of this study was to identify complex potentials evoked 
by linear acceleration in the bioelectric activity of the human cerebral 
cortex. Acceleration was created using a stomatological chair. Duration 
of chair movement was 50 to 600 msec, with displacement approximately equal 
to 1 cm for every 100 msec. Depending on movement duration, acceleration 
and deceleration lasted 20-30 msec. Electrodes were attached to the 
subject's head with the active electrode on the vertex, the Indifferent one 
on the mastoid, and the grounding on the forehead. Evoked bioelectric 
act lv i ty was recorded and ana 1 yzed by computer from the ti me acce I erat i on 
started. A quasioptimal f I 1  tration band of 0.1-30 Hz was selected. 
Conditions I and I I  involved healthy subjects with heads inclined loo 
backwards ( I )  or 4 5 O  to the right or left ( I l l .  Conditions I l l  and IV used 
similar conditions, but subjects suffered from vestibular disorders. 
Electromagnetic artifacts and effects due to oculomotor potentials were 
ruled out as causes for these effects. Each subject was tested 3 to 5 times 
before and after acceleration on a single day or several days. Healthy 
subjects included 5 women and 8 men, aged 28-45. The 2 subjects used In 
conditions I l l  and IV suffered from impaired functioning of the labyrinth 
due to concussion. 
It proved possible to Identify evoked potentials caused by linear 
acceleration in human EEGs. Parameters of an individual's potential evoked 
by a certa i n set of cond it I ons were reproduc i b 1 e. when those cond it i ons 
were repeated. Three components were identified, a positive, negative and 
then another positive. In healthy individuals position of the head had a 
substantial effect on parameters of the evoked potential. Subjects 
suffering from vestibular dysfunction showed higher latencies for the 
evoked potential than heal thy subjects. Head position produced changes in 
evoked potential in patients that were opposite to those provoked in 
healthy subjects, 
the Occurrence of such evoked potentials. 
Table 1:  Mean complex evoked potential parameters 
Table 2: Qualitative changes in complex evoked potentials for different 
positions of the head with respect to the vertical 
suggesting that the vestibular system plays a role In 
Figure 1: Mean complex evoked potentia 
Figure 2: Complex evoked potentials in 
mot i on 
Figure 3: Complex evoked potentials in 
motion 
Figure 4: Mean complex evoked potentia 
disorders of the vestibular system 
s in healthy Individuals 
subject K.S. in response to upward 
subject S.L. in response to upward 
s for 2 subjects with functional 
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M104( 11/87) Meshman VF. 
V l i yan iye  vestibulyarnogo apparata na z r i t e l ' n o y  ana l iza tor  
[The e f f e c t  of  t h e  vestibular apparatus on the visual system]. 
Moscow: Nauka, 1986. 
[87 pages; 431 references] 
A f  f i 1 i a t  Ion: Book: I n s t  I t u t e  of Higher Nervous Act i v  i t y  and 
Neurophys i o I ogy, USSR Academy o f  Sc i ences 
Key Words: NeUrOphySiOlOgy, Vest ibular System; Perception, Visual System, 
B i o e l e c t r i c  A c t i v i t y ,  Weight1 essness 
Annotation: This  monograph discusses e f f e c t s  of  t h e  ves t ibu la r  apparatus on 
the v isual  system, as revealed by the r e s u l t s  of e lect rophys io log ica l  
studies. The author bases h i s  conclusions on h i s  own resul ts,  as we l l  as 
on data i n  the  I i terature.  He discusses the theore t ica l  aspects of 
problems such as t h e  organizat ion of mediat ing structures, s p e c i f i c i t y  and 
the  phys io log ica l  meaning of v e s t i  bular-visual ef fects.  
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medi c i  ne. 
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Operational Medicine 
In May of the current year, East Germany w i I 1 host the next meeting 
of the nations participating in the lnterkosmos program. This meeting will 
commemorate the 20th ann iversary of research col I aborat ion I n the area of 
space biology and medicine. 
Over the past two decades, we have succeeded in obtaining extensive and 
interesting scientific results and practical expertise in medical support 
of short- and long-term (more than 6 months) space flights. 
The scientific results of the session are to be printed and w i I  I soon be 
available to the international science community. I have had the 
opportunity to look through these results and am convinced that our 
knowledge of the human body's reactions to space flight has progressed 
substantially. Of course, many gaps and unsolved problems persist, but the 
progress i s unden 1 ab I e. 
These same results also bear witness to the fact that the ever increasing 
scope of space medicine continues to enrich and stimulate general medicine. 
Those delegations which want to become familiar with the details of this 
material may request them from tlInterkosmos, GDR," 
accord with the UN General Assembly's resolution that "a1 1 nations must 
have the Opportunity $0 use the methods developed as a result of medical 
research in space.I1 
In previous sessions of the Science and Technology Subcommittee, I have 
already had the opportunity to tell you of those mador trends in our 
research in the area of space medicine which are already being successful ly 
applied in general medicine, or which hold the promise of application in 
the future. 
which would ful ly 
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You w i l l  r e c a l l  t h a t  we discussed such areas as: - Remote diagnosis - Apparatus and instrumentat ion for  studying phys io log ic  funct ion - Methods o f  funct ional  diagnosis - Space biotechnology - Extension o f  our medical understanding of human beings. 
I n  our reports, Dr. Arnauld Nicogossian and I have c i t e d  examples i n  each 
o f  these areas. 
With regard t o  apparatus and instruments, I would I i k e  t o  p o i n t  out  t h a t  a t  
the present time, as p a r t  of a Soviet-French col  labora t ive  research 
program, the technology for ul t rasound scanning of t h e  hear t  i s  undergoing 
improvement, w i t h  the  goal o f  f a c i l i t a t i n g  cardiac imaging i n  two planes 
(current  echocardiography produces images i n  only one plane), so as t o  
substant ia l  l y  improve the  accuracy o f  methods f o r  evaluat ing card iac 
parameters. 
I n  a col  labora t ive  p ro jec t  w i t h  Czechoslovakia and t h e  GDR, we have made 
substant ia l  progress i n  t h e  c rea t ion  of por tab le instruments for assessing 
human respi ra t ion,  metabol ism, and blood composition. However, I do not  
want t o  focus your a t ten t i on  on the  proper t ies o f  new instruments or 
methods of research. Instead, i would I i k e  t o  t e l  I you about c e r t a i n  new 
aspects of human physiology, which have added a space perspective t o  our p o i n t  
of  v i ew, so t o  speak. 
The two greatest  events i n  evolut ion, the emergence of l i f e  from the  
sea t o  dry land and t h e  assumption of a bipedal stance by human beings 
enta i  I ed t h e  development of s t r u c t u r a l  and funct ional  mechanisms t o  be used 
i n  the never-ending b a t t l e  w i th  g rav i ty .  
Land animals, and humans as we1 1 ,  have been q u i t e  successful. Man learned 
not  only t o  move f r e e l y  on t h e  Earth's surface, but  now, by v i r t u e  of h i s  
i n t e i  I igence, he has been able, 1 i t e r a l l y ,  t o  overcome Earth's g r a v i t y  and 
f l y  i n  space, where weightlessness reigns. 
It has turned ou t  t h a t  weightlessness gives r i s e  t o  a v a r i e t y  of changes i n  
the  human body: he igh t  increases by 3-5 cm, body weight t y p i c a l  l y  decreases 
because of loss of f lu id ,  c i r c u l a t i n g  blood volume and muscle mass decrease 
accordingly, and there  i s  a loss of a substant ia l  po r t i on  of e lec t ro ly tes ,  
etc. Reactions of t h e  human body t o  weightlessness a re  c l e a r l y  adaptive i n  
nature. 
wi thout  weight.1s 
They are  a response t o  a new environment -- Isan environment 
Because these react ions are  not  a I ways p I easant and harm I ess, spec i a I i s t s  
working i n  the area of space medicine have been compelled t o  take measures 
d i rec ted  a t  improving the  we1 I-being and work capaci ty  of cosmonauts i n  
space. 
The understanding we have acquired about t h e  reac t ions  o f  the  human body t o  
g r a v i t a t i o n a l  s t i m u l i  enable us t o  examine from a new perspective, the  
causes and natures of a number o f  heal th disorders and diseases, which are 




These i nc I ude: 
osteochondrosis; 
development of edema and hypertens ive reactions; 
sickness," including seas sickness, air sickness, etc. 
-- certain diseases of the musculoskeletal system, for example, 
-- diseases of the cardiovascu I ar system, associated w ith the 
-- a fairly extensive class of disorders in the category "motion 
Such phenomena as hypok i nes i a and hypodynam i a deserve spec1 al 
mention. Here we are talking about a significant decrease in the level of 
motor act iv i ty, w i th a number of assoc i ated negative consequences: changes 
in metabolism; development of obesity (increase in body weight), tendency 
for hypertensive reaction, etc. 
Each of the topics I have mentioned in connection with the problem of 
gravitational physiology merit special consideration from the point of 
view of their contribution to new approaches to understanding and treating 
various diseases. 
However, these are by no means the only areas where space medicine has 
contributed to general medicine. The experience and knowledge acquired in 
this area during the last quarter-century, have revealed new means and 
more effective methods of maintaining health and optimizing I ivlng 
conditions, in other words, prolonging active and healthy human I ife. 
As an example, I would like to briefly introduce you to a new, recently 
developed branch of medicine -- trophology. Trophology is the study of 
general principles of fundamental vital processes of t iving systems, 
i nc I ud i ng humans, such as i ngest I on, process i ng, and ass i m i I at i on of nutr i ents 
and other substances essential to I ife. Trophic bonds include not only al 1 
those among the different components of life, but also the linkage between 
I Iving and inanimate nature, ref lecting global processes of transformation 
of mater i a I and energy throughout the Earth's b i osphere. 
When the space era began, we hypothesized that the major problem of 
nutrition would involve the form of the food cosmonauts ate under 
conditions of weightlessness, as related to the storage of foodstuffs and 
the techniques for getting them to the cosmonauts table. 
The first two space fl ights, made by Gagarin and Titov, respectively, were 
reassuring. At that time, we felt that we needed to make only I imited 
changes to adapt the usual terrestrial means of providing people with food 
to space f I lght conditions. 
However, it turned out that things were not quite that simple. 
It was discovered that virtual ly al I the cosmonauts lost several kilograms 
in weight. In some cases, there was weight loss of as much as 7-8 
kilograms. As a rule, cosmonauts developed a negative nitrogen balance. 
Desire for water was inhibited (i.e., the sensation of thirst 





Serious, goal-directed research performed i n  t h i s  area over the  l a s t  20-25 
years, u t i  I i z i n g  both f 1 i g h t  experiments and s tud ies i n  physiological  
I aborator i es and c 1 i n i cs, produced tang i b 1 e resu I t s  t h a t  rad i cal  I y al tered 
our ideas about the physiology o f  human digestion. 
I f ind these r e s u l t s  extremely In terest ing and important, not  only for  
cosmonauts, but  t o  a1 I of us who 1 i ve  on t h e  Earth and take nourishment 
several t imes a day. 
F i r s t ,  I w i 1 1  b r i e f l y  describe our new discover ies i n  t h i s  extremely 
ancient f i e l d  of  study, and then I w i I I attempt t o  demonstrate the 
p r a c t i c a l  s ign i f i cance  these discoveries have f o r  you and me. 
To the  two previously 
-- extracel  I u I ar d 
-- i n t r a c e l l u l a r  d 
we have added two new 
t r a c t ,  
known types of digestion, namely: 
gestion, occurr ing i n  the  a l  imentary (d igest ive)  
gestion, occurring w i t h i n  a I l v i n g  cel  I ,  
types : 
-- in t race l  lu la r ,  but  i n  special microscopic vacuoles; -- wal I ,  o r  membrane, /.e., d igest ion occurr ing on the surface of  the ce l  Is 
o f  t h e  gas t ro in tes t i na l  t r a c t .  
These discover ies enabled us t o  develop an integrated p i c t u r e  o f  the 
complex processes o f  l y s i s  and processing o f  n u t r i t i v e  substances, and 
t h e i r  t ranspor t  from the  cav i t y  of the gas t ro in tes t i na l  t r a c t  i n t o  the 
blood so as t o  provide n u t r i e n t s  t o  al I t issues and organs o f  the body. 
I t  shou 1 d be remembered t h a t  i ngest i on o f  nut r  it i ve substances i n t o  the  
gas t ro in tes t i na l  t r a c t  must be considered not  on ly  as a means o f  
rep len ish ing the  energy and s t r u c t u r a l  reserves o f  t h e  body, but  a lso as a 
po ten t i a l  a l  l e r g i c  and incursion. 
Nature has taken pains t o  p ro tec t  us. We have a t  our disposal a wel l -  
developed defense mechanism. We have gained new in format ion about powerful 
immunological defense systems i n  the  smal 1 intest ine,  augmenting our 
previous know ledge of t h e  mechanical ba r r i e r  and p r o t e c t i v e  funct ions o f  
t h e  I iver. 
Research i s  progressing i n  t h i s  area and the re  i s  reason t o  be l ieve t h a t  
conclusions w i l l  be drawn which have pract ica l  imp1 i ca t i ons  f o r  the 
conquest of  a l  l e r g i c  diseases, which, unfortunately, are increasing i n  




3.  Nonnu t r i t i ve  f i b e r  ( f i b r o i d  s t r u c t u r e  s ) i m d d -  i aes t i ve  function, 
I t  I s  t r a d i t i o n a l  t o  d i v i d e  the  food we eat  i n t o  two major components: 
n u t r i t i v e  components, which play a r o l e  i n  nour ishing the  body 
(metabolism), and bal Iast,i.e., components o f  food which are not u t i 1  ized 
i n  metabol ism. 
The idea of developing completely asslmi l a b l e  food seemed very a t t r a c t i v e  
f o r  supporting long-term space f l i g h t s ,  and some progress was made i n  t h i s  
d i rect ion.  However, r e s u l t s  o f  subsequent research c l e a r l y  showed t h a t  
food f i b e r  (e.g. cel lu lose, l i g n i n  and others) w i l l  always be an important 
and essential component o f  space diets. 
Dietary f iber, I n  which f r u i t s  and vegetables are p a r t i c u l a r l y  r ich,  i s  
absolutely essent ia l  t o  t h e  body as a whole, as wel l  as t o  normal 
funct ioning o f  the d igest ive system. F iber  i s  an important regu la to r  
o f  the funct ioning o f  the d iges t i ve  t r a c t  i n  maintaining f l u i d - e l e c t r o l y t e  
balance, of motor funct ions o f  the intest ine,  and o f  the i n t e r a c t i o n  o f  the 
body w i th  the numerous colonies o f  microbes i nhab i t i ng  the  d iges t i ve  t rac t .  
Epidemiological studies performed i n  a number o f  countr ies have 
demonstrated the  connection between absence or  decrease i n  the f i b e r  
content of the d i e t s  of  t he  most economically developed nat ions and 
disorders of  cholesterol  metabol ism, format ion o f  gal I stones, and 
disbacter iosis.  A t  the present time, it has been demonstrated i n  a number 
o f  c l i n i c s  t h a t  many types o f  gas t ro in tes t i na l  and metabol ic pathology can 
be prevented and treated by introducing more f i b e r  i n t o  the diet .  
4. Microbioloay nf Lhg g a s t r o i n t e s t i n a l  %t & mdoec o l o a i c a l  p rob l  ems 
Previous ideas about the harmf u I ness of m i croorgan i sms i nhab i t i ng the 
gast ro i ntest  i na I t r a c t  have been conc I us i vel y d i sproven. 
the excessive use of a n t i b i o t i c s  and the e f f e c t s  o f  var ious extreme 
condit ions, p a r t i c u l a r l y  long-term space f I ight, have demonstrated t h a t  
marked decreases and changes i n  i n t e s t i n a l  f l o r a  have a negative e f f e c t  on 
functioning, and i n  a number or  cases have led t o  disease. 
Exper i ence w i t h  
Comparison of  s t e r i l e  animals, devoid o f  i n t e s t i n a l  microorganisms, w i t h  
normal counterparts has demonstrated t h a t  s t e r i  I e animals have an 
underdeveloped immune system, display changes i n  the s t ruc tu re  of  the 
d iges t i ve  t ract ,  and are very s e n s i t i v e  t o  d i e t s  def i c i e n t  i n  vitam ins and 
essent ia l  amino acids. 
We have concluded t h a t  support of normal endoecology i s  one of  the more 
important tasks i n  medical support o f  long-term space f l i g h t .  I n  t h i s  
connection we have developed a method f o r  evaluat ing and regu la t i ng  
cosmonautsr microf lora.  I t h i n k  t h a t  t h i s  type o f  approach w 1 I I become 
more and more common i n  t h e  p r a c t i c e  of general mediclne. 
I f  we had more time, it would be easy f o r  me t o  continue t h i s  l i s t  Of  
accompl ishments i n  t h e  study of d igest ion physiology. But now, I w i  I I 
conf ine myself t o  a discussion of recen t l y  discovered hormones o f  t h e  
d i g e s t  ive t ract .  
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5. I b g  hormo naL svstem et diaest ive -act, 
I t  has recent ly  been shown that, aside from the c l a s s i c  hormones w i t h  
p r i m a r i  l y  local effects, the d igest ive t r a c t  a lso produces hormones w i t h  
general e f f e c t s .  
The endocr i ne components o f  the d i gest i ve system produce approxi matel y 30 
hormones and hormone-like substances. Among these, p a r t i c u l a r  a t t e n t i o n  i s  
cu r ren t l y  being focused on the  polypeptides (opiates), which have e f f e c t s  
s i m i l a r  t o  morphine. I t  i s  bel ieved that  these endogenous b io log i ca l  ly  
a c t i v e  substances a re  e i  t h e r  a n t i  ana I ges i c, or produce pos it i ve emotions 
r e l a t e d  t o  r e l a x a t i o n  and a f e e l i n g  of sat iety.  
reason we are i nc l i ned  t o  doze o f f  a f t e r  a s a t i s f y i n g  meal? 
Could t h i s  be the 
Now I would l i k e  t o  b r i e f l y  summarize what I have said. 
1. Space medicine not  only solves problems essent ia l  f o r  support ing human 
I i f e  i n  space, but provides an impetus and, i n  a number o f  cases, suggests 
so lu t i ons  useful f o r  maintaining the  heal th of  people on Earth. 
2. H i s t o r i c a l l y ,  we can i d e n t i f y  three concepts o f  human n u t r i t i o n :  
-- the f i r s t  and most ancient conception involves eat ing u n t i  1 f u l  I, 
( t o  the po in t  o f  s a t i e t y ) ;  
-- the second, formulated i n  the  f i r s t  h a l f  o f  t h i s  century i s  t h e  
concept o f  a llbalancedll diet,  i n  which the main emphasis i s  on s a t i s f y i n g  
ongo i ng metabo I i c needs. 
3. Now we are wi tnessing the  formulat ion o f  a m s c i e n t i f i c  concept o f  
n u t r i t i o n ,  which could be cal  led V-he concept of  adequate nut r i t ion. ”  
Th i s new concept does no t  rep I ace conc I us ions based on previous sc ien t  i f i c  
data, but  expands and enriches them with new resul ts,  inc lud ing those 
obtained i n  the  f i e l d  o f  space medicine. 
We bel ieve t h a t  an approach based t o t a l  l y  on balance and the idea o f  
r e f i n e d  food has not  proved j u s t i f i e d .  
propor t ion o f  vegetables and f r u i t s  i n  the diet,  the u t i l i z a t i o n  o f  r e f i n e d  
(bleached) g r a i n  and re f i ned  products are fac to rs  conducive t o  t h e  
development o f  many diseases, including those o f  the d iges t i ve  and b i l e  
t racts ,  devel opment of obes i ty, and other disorders. 
We hope t h a t  the new s c i e n t i f i c  concepts on which trophology i s  based w i I  I 
a l low us t o  co r rec t  other e r ro rs  which s t i  1 I p e r s i s t  i n  the  area o f  human 
n u t r i t i o n .  
Remember t h a t  a decrease i n  the  
4. I have attempted schematical l y  and b r i e f l y  t o  introduce some new r e s u l t s  
i n  the area of the physiology of digestion. 
discovered types of digestion, the r o l e  o f  b a r r i e r s  and defensive 
mechanisms i n  the d iges t i ve  t ract ,  the s ign i f  icance o f  f i ber f o r  adequate 
n u t r i t i o n ,  and t h e  importance of monitoring the  i n t e s t i n a l  bac te r ia l  pool. 
I touched on some recen t l y  
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5. The problem of nourishing human beings throughout their lives requires a 
high level of technical competence. It is essential that we acquire the 
ski I I and know ledge to combine food products, which are produced by 
manufacturing technology, with specific natural technologies, in other 
words, w i th cons i derat i on of the organ i smls actua 1 funct i ona I state. 
Examples are the elimination of substrates to which certain individuals are 
intolerant (e.g., mi I k intolerance) or, on the other hand, increase in 
proportion of certain substances in the diet which can stimulate processes 
wh i ch have been attenuated. 
It is essential to change the components of the dlet and the dietary 
regimen as a function of climatic conditions, level of activity, age, and 
many other var i ab I es. 
Of course, all this reminds one of the tactics employed by an engineer who 
is in charge of the operation of a large and complex machine. If we want 
our living machine to operate long and effectively, we must study natural 
technology as completely and rigorously as possible. 
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Combined effects of vitamin D and E deficiency on calcium metabolism in 
bone tissue in rats. 
Voprosy Pi taniya.  
87( 1 ) :  39-43; 1987. 
[18 references; 12 i n  English] 
Metabol ism, Calcium; Musculoskeletal System, Bone Tissue 
Rats, Male 
N u t r i t i o n ,  Vitamin D, Vitamin E 
Abstract: Male Wistar r a t s  div ided i n t o  6 groups of 8-10 animals served as 
subjects i n  t h i s  experiment. During the 4 weeks of the experiment a l  I 
animals received a semisynthet ic d i e t  lacking v i tamins  D and 
conta in ing 0.6% Ca and 0.6% P. Group 1 received supplements o f  D and E; 
group 2 of D alone; group 3 of E alone; group 4 received no supplements; 
group 5 received E supplements throughout t h e  4 weeks and D supplements 
dur ing the  l a s t  6 days o f  t h e  experiment; group 6 received no supplements 
u n t i l  t h e  l a s t  6 days when D was given. Vi tamin D was administered o r a l l y  
as D3 i n  a dose of  0.25 ug pe r  day t o  an imals  i n  group 1 and 2, and 0.5 ug 
t o  animals i n  groups 5 and 6; v i t am in  E (DL-alpha tocopherol acetate) was 
given i n  a dose o f  1 mg. Parameters measured were concentrat ion of 
inorganic phosphorus, and a c t i v i t y  of a lka l ine  phosphatase i n  blood serum, 
chemical composit ion and densi ty o f  bone tissue, Ca concentrat ion i n  muscle 
and t h e  heart. Concentrat ion of v i t am in  E i n  blood serum was determined 
using f luorometry  and of v i tamin  D by radioconcurrent p ro te in  binding. Ca 
t ranspor t  i n  the smal I i n t e s t i n e  was evaluated on t h e  basis of capaci ty  o f  
sect ions o f  the  duodenal i n t e s t i n e  t o  absorb 45Ca. 
E and 
Animals n o t  rece iv ing  v i tamin  D showed the usual symptoms o f  def ic iency -- 
decrease of 25-OH-D i n  blood serum t o  t race level, development o f  
hypocalcemia, hypophosphatemia, increase i n  the  a c t i v i t y  of a l k a l i n e  
phosphatases i n  serum, and sharp decrease i n  a c t i v e  Ca t ranspor t  i n  t h e  
in test ine.  Bone t i ssue showed changes cha rac te r i s t i c  o f  accumulation of 
nonm i nera I ized osteoi  ds; decrease i n  dens i t y  o f  the d i aphys i s and ep i phys i s 
of t h e  femur, and decrease i n  concentrat ion of Ca and P, w i t h  some increase 
i n  co l  lagen i n  t h e  diaphysis and a large increase i n  t h e  epiphysis. 
D e f i c i t  of v i tamin  D a lso  ra ised the accumulation of Ca i n  the  ske le ta l  
muscles and heart. Animals not  receiv ing v i t am in  E showed fewer changes i n  
Ca t ranspor t  and i n  bone tissue. There was moderate hypocalcemia, and a 
tendency for Ca t ranspor t  i n  the  in tes t ine  and Ca concentrat ion i n  bone t o  
decrease. Concentrat ion o f  calc ium i n  the ske le ta l  muscles and hear t  was 
elevated. 
an add i t i ve  e f fec t ,  increasing r a c h i t i c  changes. A c t i v i t y  of a l k a l i n e  
phosphatase increased, wh i l e  densi ty and ca l icum concentrat ion of t h e  
diaphysis and epiphysis decreased and col lagen accumulated i n  the  
epiphysis. 
days, almost a l  I parameters normalized and normal izat ion was p o s i t i v e l y  
cor re la ted  w i t h  level  of 25-OH-D i n  blood serum. Animals w i t h  v i t am in  E 
d e f i c i t  given v i t am in  D for the  l a s t  6 days d i d  no t  achieve t h i s  
normalization. 
a f f e c t s  Ca metabolism and t h a t  a d e f i c i t  i n  t h i s  v i tamin  i s  r e f l e c t e d  i n  
bone t issue. 
Other parameters were normal. Def ic iency of v i tamins D and E had 
When animals w i t h  v i t am in  D d e f i c i t  were given Vi tamin D f o r  6 
The authors conclude tha t  t h i s  data suggest t h a t  v i tamin  E 




Table 2: Ca absorption by the smal I in test ine  of ra ts  w i t h  vitamin 
D and E deficiency 
Table 3: Chemical composition and density of  the diaphysis and d is ta l  
epiphysis of femurs of r a t s  with vitamin D and E deficiency 
Table 4: Concentration of calcium i n  the  skeletal  muscles and hearts of 
r a t s  w i t h  vitamin D and E deficiency. 
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(See also: Adaptation: M105; Biospherics: BR11; Cardiovascular and 
Respiratory Systems: P486, P487,P488; Av iat ion Physiology: P496; 
N u t r i  t ion :  P475; Mathematical Model Ing: P460; Musculoskeletal System: P501; 
Personnel Selection: P473) 
PAPER: 
P465(11/87)* Barer AS, Okhobotov AA, Sorokina Yel, Tardov VM. 
Pathological effects on organs of the pelvis minor after exposure to 
long periods of high +Gz acceleration. 
Kosm i ches kay a B i o I og i y a i Av i akosm i c heskay a Med i t s  i na. 
20(6): 81-82; 1986. 
[No references] 
Operational Mediclne, Prostate 
Humans, Males 
Acceleration, Long-term, Centr i fugat ion 
Abstract: This experiment studied ef fects  o f  cen t r i fuga l  accelerat ion o f  
from 2-9 g w i t h  compensatory lower body compression on the  prostate gland 
of  5 healthy men, aged 20-38. 
specif ied. 
atony or  th ickening o f  the gland a t  t he  periphery. Morphological analysis 
o f  p ros ta te  secret ion showed fresh erythrocytes (up t o  12 i n  a f i e l d  o f  
vision). Severity o f  symptoms appeared t o  vary as a funct ion o f  g level o f  
accelerat ion and type o f  lower body compression. Hemorrhoidal swel I ing was 
observed t o  accompany pros ta te  edema. 
Further de ta i l s  of procedure are no t  
I n  3 cases out o f  9, palpation revealed edema accompanied by 
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P470(11/86)* Chadov V I ,  T s l v i l a s h v i l l  AS, lseyev LR. 
P robab i l i t y  o f  developing altitude-decompression sickness as a func t i on  of 
durat ion of pre l iminary exposure t o  hypobaric atmosphere. 
Kosmlcheskaya B io log iya  I Aviakosmlcheskaya Medltsina. 
21(1): 30-33; 1987. 
[19 references; 3 i n  English] 
Operational Medicine, Decompression Sickness, A l t i tude;  EVA Simulat ion 
Humans 
Adaptation, Hypobarla; L i f e  Support Systems, Pressure 
Abstract: Volunteers (number not  spec i f  led), aged 21-47, pa r t i c i pa ted  i n  
t h  i s exper 1 ment. There were 3 exper I mental cond it ions, each one cons is t  i ng 
of 2 pre l iminary stages and 1 main stage, a l l  o f  which were produced i n  a 
barochamber o f  volume 110 m3. The f i r s t  p re l  lminary stage, l a s t i n g  2 hours, 
was designed t o  s imulate condi t ions I n  the  cabin o f  a spacecraf t  
immediately before launch; I n  t h i s  stage, a i r  pressure was 112 GPa (840 mm 
Hg). I n  the second stage, barochamber condi t ions were intended t o  s imulate 
condit ions during o r b i t a l  f l i g h t  w i t h  decreased atmospheric pressure and 
normal p a r t i a l  oxygen pressure. Barochamber pressure was maintained a t  
733.3 gPa (550 mm Hg) whi l e  oxygen concentrat ion was increased t o  29-30%. 
Durat ion o f  exposure i n  t h i s  stage was 24 hours In  cond i t ion  I, 18 hours i n  
condi t ion 1 1 ,  and 12 hours i n  cond i t ion  1 1 1 .  The main po r t i on  o f  t he  
experiment was intended t o  s imulate condi t ions dur ing EVA i n  space s u i t s  
w i th  working pressure o f  0.3 kgf/cm2 (293.3 gPa, 220 mm Hg). During t h i s  
stage, subjects breathed a gas mlxture cons is t ing  o f  95-965 oxygen and 5-4% 
ni t rogen f o r  6 hours and were requi red t o  perform gradated physical 
work w i t h  t h e i r  arms, which involved moving a special lever back and f o r t h  
f o r  40 minutes out o f  every hour. 
var ied  from 4 t o  6 calories/minute. 
was based on sub jec t ive  repor ts  and c l  i n i c a l  symptoms. 
stay I n  simulated o r b i t a l  f l i g h t  cabin condi t ions was 24 hours, no subjects 
(out o f  69 t r i a l s  w i th  37 subjects) developed symptoms o f  decompression 
sickness. A s ing le  case o f  decompression sickness developed (out o f  51 
t r i a l s  wi th  30 subjects) during the  75th minute o f  s imulated EVA, when 
duration o f  pre l iminary exposure was 18 hours. When durat ion o f  
p re l  iminary exposure was 12 hours, ou t  o f  36 t r i a l s  w i th  27 d i f f e r e n t  
subjects, 6 subjects developed decompression sickness symptoms. 
these symptoms were severe, and i n  some cases they abated completely a f t e r  
a few minutes o f  rest. 
exposure t o  a cabin w i th  a hypobaric normoxlc atmosphere should be no less 
than 18 hours and preferably  24 hours before performance of  an EVA i n  a 
space s u i t  w i th  working pressure o f  0.3 kgf/cm3. 
hypobarla must be shorter, then the  s u i t  should have a higher leve l  of 
work i ng pressure. 
Energy consumption during t h i s  task 
Diagnosis o f  decompression syndrome 
When durat ion o f  
None o f  
The authors conclude t h a t  durat ion o f  p re l im lnary  
I f  the  pre-exposure t o  
Table: Number o f  cases o f  a l t i t u d e  decompression sickness i n  various 
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CONFERENCE REVIEW: 
CR5(11/87)* Sal ivon SG. 
Problems i n  eva lua t ing  human funct ional  capac i t ies  and pred ic t i ng  health. 
Kosm I cheskay a B I o I og 1 ya i Av I akosm i cheskay a Med I t s  I na. 
21(1): 12-17. 
Report on: F i r s t  A i  i-Union Conference on ItProb1ems of evaluat ing human 
f unct i ona 1 capac it ies and pred I c t  i ng heal th," he I d I n Moscow, 3-5 December, 
1 985. 
Key Words: 
Functional Capacities; Adaptation, Extreme Conditions; B io log ica l  Rhythms; 
Biospherics, Environmental Factors; Equipment and instrumentation; 
imnunoiogy; Mathematical Model Ing; Psychology 
Selected papers presented t o  the conference, 
Operat I ona 1 Med i c I ne, Hea I th, Pred i c t  I on; Human Performance, 
A.K. Guslkova evaluated the po ten t i a l  fo r  using c l  i n i c a l  observations o f  
t he  s t a t e  o f  heal th  f o r  diagnosing and p red ic t i ng  changes occurr ing upon 
exposure t o  new l i v i n g  and working conditions. Mathematical approaches t o  
determ I n i ng optima 1 boundaries of var 1 ab i 1 i t y  from the  norm and acceptab i e 
frequency of ind iv idua l  changes In  s ta te  of heal th  were given. V.M. 
Akhut i n descr 1 bed the  development o f  an automated system t o  eval uate the  
funct ional  s t a t e  o f  an ind iv idua l  i n  real time. 
M.G. Shandal summarized data on establishment o f  a numerical funct ion 
descr ib ing v a r i a t i o n  i n  the  p u b l i c  health as a func t ion  o f  the  nature and 
magnitude of  a number o f  environmental factors. Based on t h i s  data, he 
ranked the  fac to rs  from the standpoint  o f  t h e i r  in f luence on pub l i c  heal th  
and presented an emp i r i ca l l y  based s e t  o f  recommendations f o r  conserving and 
improving the  heal thfulness o f  the environment. V.V. Venediktov proposed a 
method f o r  q u a n t i t a t i v e l y  evaluat ing charac ter is t i cs  o f  Ind iv idual  
heal th  i n  heterogenous cohorts, wh i l e  RM. Bayevskiy c l a s s i f i e d  human 
func t iona l  s ta tes  and evaluated leve ls  o f  heal th  from the  standpoint  o f  the  
theory of adaptation. 
V.S. Koshcheyev argued t h a t  it i s  essential t o  develop regional programs 
f o r  research and I arge-sca I e soc I a I -medica I observation I n order t o  devei op 
a nat ionwide program. 
automated research systems. 
The session on methodology considered the issue of c r i t e r i a  i n  heal th  
t o  assessment. I t  was argued t h a t  such c r  i t e r  l a  not  on I y must be sens it i v e  
whether an ind iv idua l  i s  cu r ren t l y  i n  a Ilnormai state," but  must a lso  take 
i n t o  account whether he displays normal react ions t o  environmental fac to rs  
( i nc lud ing  extreme factors). 
of adaptive potent ia l .  Here it i s  important t o  develop c r i t e r i a  f o r  
evaluat ing funct ional  systems a t  various h ie rarch ica l  leve ls  o f  
organizat ion so as t o  develop an Information bank about human health. 
t he  same time, it i s  essent ia l  t o  study man a t  t h e  leve l  o f  t he  e n t i r e  
organism, t o  gather in tegrated information about h i s  funct ional  state. 
To be SUCC~SS~UI,, such a program requires t h e  use o f  
This approach I s  c lose ly  re la ted  t o  t h e  issue 
A t  
Much emphas i s was p 1 aced on var ious mu 1 t i method approaches t o  eva I uat  I ng 
human func t iona l  capacities. I n  par t icu lar ,  the  session discussed a 
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biorhythm-based approach to  assessing human funct ional  capaci t ies 
u t  i I i z  I ng the 1 inks between the  phenomena of adaptat ion, homeostasis, and 
c i rcad ian  rhythms. 
S.A. Dushanln described four  types o f  norms: 1 )  minimal, f o r  d i s t i ngu ish ing  
between normal and pathological states; 2) norms f o r  character l z l n g  mean 
values i n  a large population; 3) optimal norms, f o r  expressing Ideal 
values for ensuring human to lerance o f  environmental factors; and 4) 
specl a 1 norms, r e  I ated t o  performance of specl f led demand I ng jobs. 
One subject o f  discussion was the  c rea t i on  of  psychological re laxa t i on  and 
medlcal recovery s ta t ions  I n  Indus t r i a l  en terpr ises  t o  counteract negat ive 
e f fec ts  of  work. Such centers might contain pools, saunas, baths, 
recreat ional  and aerobic gymnastics f a c i l i t i e s ,  cond i t ion ing  on special 
equipment, use o f  oxygen cockta l  Is, and f a c i  I l t i e s  f o r  group therapy, 
autogenic t r a l  nlng, biofeedback etc. The need t o  s t r  i c t  l y  1 I m  it use o f  
drugs I n  maintaining the we1 I-being o f  healthy i nd l v idua ls  was emphasfzed. 
A number o f  studies stressed the  re la t i onsh ip  between psychological 
adaptation t o  extreme condi t ions and the  func t ion ing  o f  the  immune system. 
A p a r t i c u l a r l y  In te res t ing  paper concerned i d e n t i f y i n g  t h e  most useful 
Ind icators  o f  the s ta te  o f  an ind iv idua l  exposed t o  t o x i c  substances. 
Emphasis was placed on the  need t o  discover general proper t ies o f  e f f e c t s  o f  
chemical substances on the body i n  order t o  es tab l i sh  quan t i t a t i ve  
f unct I ons r e  I a t  I ng concentration, t I me, and effects. 
Great i mportance was attached t o  development of automated research 
systems t o  be used In  pub1 IC heal th  studies to: process large volumes o f  
Information; cont ro l  the course o f  c l  l n l c a l  studles; col l e c t  and s to re  
data; compare the  research r e s u l t s  w i th  e x i s t i n g  information; and 
const ruct  graphs and tab1 es. Such systems w 1 1  1 use recent ly  
developed expert  systems f o r  automated diagnosls. Use of computers for 
keeping medical records was a lso supported. 
The conferencels recommendatlons emphasized t h e  need t o  develop a systems 
approach to the study of funct ional  capac i t ies  o f  healthy human beings and 
pred fc t ion  o f  s ta te  o f  health. Such an approach must take i n t o  account the  
In te rac t ion  between humans and the  environment, and t h e  m u l t i p l e  leve ls  on 
which the body's funct ional  systems are regulated. C r i t e r i a  f o r  t he  heal th  
o f  various age and occupational groups must be defined, and occupational 
adaptation of various populat lon groups must be studied i n  order t o  provide 
a basis for  determining the best ways t o  opt imize job  performance. 
Regional adaptation must be s tud ied from a perspect ive t h a t  recognizes t h e  
e n t i r e  complex o f  c l lmat ic ,  geographical, soclal,  and economic condltlons, 
research include evaluation and p red ic t i on  o f  human heal th  and funct ional  
capaci ty I n  an a l te red  funct ional  state, and human funct ional  reserves 
dur ing work under adverse conditions. Informat ion must be gathered t o  
prov ide a basis f o r  f i nd ing  ways t o  maintaln, restore, and increase 
funct ional  capac i t ies  and health. Automated systems must be developed t o  
eval uate and p red ic t  funct ional  s t a t e  and heal th  i n  t h e  context  o f  
p rov id ing  heal th  maintenance examinations t o  the e n t i r e  population. 
ss GS f h e  seiectivity uf iiliyr-ai-iuii. Gi-hei Lr-ii-iLai topics for iurthui 
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(See also: Av ia t ion  Physiology: P496; Human Performance: P498; 
Neurophysiology: M104) 
P500( 11/87) Oshchepkov NA, Lyashchukova SM. 
The ef fects  o f  l i g h t  (color and brightness) on the v 
performance of spacecraft-or I ent i ng tasks. 
Psikhologicheskiy Zhurnal. 
[9 references; none i n  Engl ish] 
7(6):  46-49; 1986. 
Percept i on, V i sua I Recovery Time; Human Performance, 
Humans, Cosmonauts 
sua1 system during 
Ast roor ien ta t ion  
Equipment and Instrumentation, Spacecraft Console, Visual Display, 
Brightness, Color, Durat ion 
Abstract: The purpose of t h i s  research was t o  ob ta in  data for standard 
br ightness o f  in format ion displays used i n  as t roor ien ta t ion  on manned 
spacecraft. The f i r s t  exper i ment was des i gned t o  generate i nformat i on 
e f f e c t s  o f  color, brightness, and durat ion o f  a l i g h t  d isp lay on visua 
recovery time. This experiment was performed i n  a darkened room. The 
z ing  
on 
exper i mental apparatus &nsi sted o f  a s i mu I a t  ion of the operator 's consol e 
( s i m i l a r  t o  t h a t  which d isp lays o r ien ta t i on  in format ion on a spacecraft) 
w i t h  i nterchangeab I e e l  e c t r o l  um i nescent d isp I ay cassettes i n  red, ye1 I ow, 
o r  green, a d isp lay o f  s t a r s  a t  ( t4)  s te l  l a r  magnitude, and a f i x a t i o n  
device. The console and the s t a r  s imulator were i n  the  v isual  f i e l d  a t  the  
same t i m e  and both were viewed binocularly. Subjects' task was t o  look a t  
t h e  d isp lay which f lashed a t  a given brightness, color, and dura t ion  and 
then i d e n t i f y  s t a r s  on t h e  s t a r  display. Visual recovery t i m e  was defined 
as the  t i m e  elapsed between the f lash  and the  p o i n t  a t  which a subject  
could r e l i a b l y  d i s t i ngu ish  a p o i n t  source o f  l i g h t  equiva lent  t o  a s t a r  of 
+4 magnitude. Distances from the s t a r  s imulator  were chosen so t h a t  the  
i l l u m i n a t i o n  on the  pup i l  was E=6.65*10181ux. Brightnesses used were 1, 3, 
5, and 10 kJ/M2, and t h e  i I luminat ion durat ions were 5, 20, and 15 seconds. 
The second experiment attempted a more f a i t h f u l  s imu la t ion  o f  condi t ions on 
board a spacecraft. The fo l l ow ing  di f ferences were introduced: dark 
adaptat ion occurred no t  on I y t o  comp I ete darkness, bu t  t o  cab i n- 1 i ke 
i l l u m i n a t i o n  of 20 lux; d isp lay i l lu rn inat ion was no t  constant and was 
predominantly green; t o  look from t h e  d isp lay t o t h e  s t a r  simulator, t h e  
subjects  had t o  t u r n  t h e i r  heads; instead of t h e  f u l  1 i 1 I umination of the 
r e t  i na 1 n t h e  f i r s t  experiment, t h  i s experiment used p a r t  i a l  i I I um i n a t i  on 
of both the  centra l  and per ipheral  port ions o f  the ret ina;  s t a r s  were 
viewed monocularly; t h e  background against which t h e  s t a r s  were presented 
was i I I um i nated a t  e i t h e r  0.05 kJ/M2 or 0; the  operatorls consol e was 
pos i t ioned so t h a t  when s t a r  s igh t i ng  occurred t h e  l i g h t  from t h e  d isp lay 
f e l l  on the  periphery of the  ret ina.  Results are shown i n  Figures 1 and 2. 
Resu I t s  of  the  f i r s t  experiment showed t h a t  as br ightness i ncreases 
d i f ferences i n  e f fec ts  of co lo r  on visual recovery t ime  become more 
pronounced. Recovery was fas te r  a f t e r  a red I i g h t  d isp lay than 
a f t e r  green 1 ight. Resul ts of the  second experiment showed t h a t  for low 
i 1 luminat ion durat ion (tC10 sec), visual recovery t i m e  i s  only weakly 
a f fec ted  by i l luminat ion duration, and depends mainly on brightness. 
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When i I I umination t imes were increased, durat ion d i d  a have strong e f f e c t  
on recovery time. A t  low d isp lay i l l u rn ina t ion  br ightness and duration, the  
presence of background i l l u m i n a t i o n  Increases recovery t i m e  somewhat. With 
high display i l l u rn ina t ion  br ightness and duration, background i l l u m i n a t i o n  
decreases recovery ti me. The authors recommend t h a t  i f v i sua I recovery 
t ime  must be decreased, then e i t h e r  br ightness or  dura t ion  o f  the d isp lay 
should be reduced, or green l i g h t  d isp lays excluded. 
Figure 1: L i g h t  s e n s i t i v i t y  recovery t i m e  as 
durat ion of  d isp lay i l l u m i n a t i o n  f o r  th ree  d 
+ - red l i g h t ;  o - yel low l i g h t ;  - green 
a func t ion  of br ightness 
f f e ren t  color I i g h t  d isp 
I i g h t  
and 
aYs 
a func t ion  of br ightness F igure 2: L i g h t  s e n s i t i v i t y  recovery t i m e  as and 
durat ion of  d isplay I1 luminat ion f o r  two leve ls  of background b i g h t n e s s  
dotted l i n e  - background i l l u m i n a t i o n  = 0; s o l i d  l i n e  - background 
i l lumina t lon  = 0.05 kJ/m 2 
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(See also: Av ia t ion  Physiology: P496; Neurophysiology: P449) 
PAPER: 
P473( 11/87]" Vyadro MD, Bryanov I I. 
Development of the Soviet system for medical selection of cosmonauts 
(hospital stage). 
Kosmicheskaya B io log iya  i Aviakosmicheskaya Meditsina. 
[12 references; 6 i n  Engl ish] 
20(6): 3-7; 1986. 
Personnel Selection, Review Ar t i c l e ;  Cosmonaut Tra in ing 
Humans, Cosmonauts 
Operat i ona I Med i c i ne, Med i ca I C r  i t e r  i a, Stress Tests; Psycho I ogy, Se I ect  ion 
Tests 
Abstract: Th is  review a r t i c l e  discusses i n  general terms the  development of 
the  so-cal led lthospitalll stage i n  Soviet cosmonaut selection. The i n i t i a l  
phase o f  t he  hosp i ta l  stage i s  analogous t o  f l i g h t  c e r t i f i c a t i o n  and i s  
performed by a special commission special i z i n g  i n  f i g h t e r  aviat ion. Only 
p i l o t s  35 o r  younger are considered and must be f u l l y  f l i g h t  c e r t i f i e d  f o r  
f i g h t e r  a i r c r a f t  before moving on t o  the next stage. Addit ional t e s t s  used 
f o r  cosmonauts include: cen t r i f uga t ion  producing h igh leve ls  of  
craniocaudai and transverse acceleration; v i b r a t i o n  stand test; special 
add i t iona l  study o f  the  ves t ibu la r  system; and use o f  a new se t  o f  
psychological tests. I n  the  subsequent hosp i t a l  stage o f  cosmonaut 
se I ec t  i on, surv i v i ng cand i dates undergo I n-depth and dynam i c c I i n i ca 1 
phys io log ica l  examinations using state-of- the-art  methods and a v a r i e t y  o f  
s t ress  t e s t s  which enable thorough and de ta i led  evaluat ion o f  physical and 
psychological capabil  I t ies .  The purposes of these t e s t s  is t o  ascer ta in  
the  potent  i a I cosmonaut's t o  I erance of extreme factors. An add it i ona I 
fac to r  assessed a t  t h i s  stage i s  the cosmonauts' commitment t o  going i n t o  
space and t h e i r  w i l l i ngness  and a b i l i t y  t o  focus t h e i r  e f f o r t s  on meeting 
standards f o r  performing space missions. I n i t i a l  ly, some poten t ia l  
cosmonauts refused t o  enter the second phase o f  select ion, fear ing  t o  lose 
t h e i r  f l i g h t  c e r t i f i c a t i o n .  However, a f te r  a mass propaganda campaign 
begun i n  1961, t h i s  t rend reversed and some candidates attempted t o  conceal 
aspects of t h e i r  medical h i s t o r y  which would have tended t o  d i squa l i f y  
them. 
Cosmonauts who pass the  hospi ta l  stage are sent t o  t h e  Cosmonaut Tra in ing  
Center f o r  special biomedical t r a i n i n g  and physical condit ioning. Medical 
in format ion gained i n  the  course o f  t h i s  t r a i n i n g  has been used t o  fu r the r  
improve the  previous hosp i ta l  stage of selection. Three medical condi t ions 
which tend t o  degrade during t r a i n i n g  -- chronic  t o n s i l l i t i s ,  too th  decay 
and i n c i p i e n t  periodontal disease, and propensity f o r  inguinal hern ia  -- 
were selected f o r  a t ten t i on  i n  hospi ta l  select ion. However, a t  l eas t  t h e  
f i r s t  and t h i r d  o f  these are considered su rg i ca l l y  correctable and thus no t  
causes f o r  permanent d i squa l i f i ca t i on .  An add i t iona l  improvement which was 
introduced i n t o  the  hospi ta l  stage on t h e  bas is  o f  operational experience 
w i th  cosmonaut se lec t ion  involved reordering t e s t s  so t h a t  those l i k e l y  t o  
d i  squa I i fy the  greatest  number of candidates are  adm i n  i stered f i rs t .  
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The author goes on t o  discuss the  f a c t  t h a t  medical requirements fo r  
cosmonaut-scientists may i n  the fu tu re  be relaxed somewhat. S i m i l a r i t i e s  
noted between t h e  space se lec t i on  process i n  the  US and USSR include: 1 )  
use o f  p i l o t s  as candidates f o r  select ion; 2) system based on f l i g h t  
c e r t i f i c a t i o n  process; 3) cosmonaut se lec t i on  as an autonomous s c i e n t i f i c  
area; 4)  both systems perform approximately the same number o f  tests. 
Minor dif ferences c i t e d  invo lve the greater emphasis i n  t h e  US on p s y c h i a t r i c  
research using a large number o f  psychological tests,  and on i d e n t i f y i n g  
I aten t diabetes. 
106 
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PAPER: 
P499(11/87) Medvedev V I ,  Zav'yalova YeK, Polikarpova MV. 
Mechanism underlying voluntary and involuntary regulation of human 
performance under extreme conditions. 
F iz io log i ya  Cheloveka. 
[9 references; none i n  Eng I ish] 
Authors' a f f i l i a t i o n :  S.M. K i rova Academy of M i l i t a r y  Medicine, Leningrad. 
Psychology, Learning, Conditioning, Voluntary and lnvoi  untary Control; 
Humans 
Sleep Deprivation; Drugs, Stimulants 
13(1): 90-95; 1987. 
Human Performance 
Abstract: Th is  study involved: 1 )  determination of the  re la t i onsh ip  between 
ext inguish ing the o r i e n t l n g  r e f l e x  and developing an opt imal mode of 
performance a t  the voluntary and involuntary levels; 2) inves t iga t ion  of 
whether learn ing can take place on an involuntary level  and determinat ion 
o f  i t s  r o l e  i n  organiz ing adapt ive behavlor; 3) study of these processes 
under extreme condi t ions (48 hours of  sleep deprivation); 4) examination o f  
the  p o s s i b i l i t y  of using drugs t o  compensate f o r  e f f e c t s  of sleep 
deprivation. The experiment was run by computer. S t i m u l i  were produced by 
a l i g h t  board w i t h  8 lamps of four d i f f e r e n t  co lo rs  and a sound signal  t h a t  
var ied between 800-1200 Hz. A t  a f i x e d  rate, p a i r s  of lamps were 
i l luminated; i l l u m i n a t i o n  of 3 o f  the  6 poss ib le  p a i r s  of i i g h t  s igna ls  
were preceded by a sound, w i t h  each p a i r  o f  colored l i g h t s  pa i red w i t h  a 
p a r t i c u l a r  frequency. 
i l l u m i n a t i o n  of e l t h e r  of  2 p a i r s  (one with, one wi thout  sound s ignal )  w i t h  
I press of a lever; t o  e i t h e r  of 2 other p a i r s  w i t h  2 presses; and t o  the  2 
remaining p a i r s  w i t h  no response. Subjects kept t h e i r  middle f ingers  on the  
lever and f u l  I presses and involuntary sl l g h t  movements ( o r l e n t i n g  
re f lexes)  were recorded. Dependent var iables included: 1) reac t ion  t i m e  t o  
i i g h t  p a i r s  w i t h  and w i thout  preceding sound signal; 2) number o f  misses 
and f a l s e  alarms; 3) d i f fe rence i n  react ion t ime  between ear ly  and l a t e  
t r i a l s  as a measure o f  degree of learning; 4) number of involuntary (not  
completed) responses t o  the  p o s i t i v e  l i g h t  p a i r s  w i t h  and wi thout  preceding 
sound; 5) number o f  involuntary react ions t o  the  negative pairs. Subjects 
were 9 heal thy males, aged 25-30. Experimental sessions occurred i n  the  
day, e i t h e r  under normal condi t ions or a f te r  48 hours o f  sleep deprivation. 
During one 48-hour sleep depr ivat ion test, subjects received the  s t imu lan t  
sydnocarb (4 doses t o t a l  ing 70 mg); i n t  the other t e s t  a placebo. 
Under normal condit lons, react ion time t o  s igna ls  w i t h  sounds was higher; 
these s igna ls  evoked more misses and fa lse alarms, and learn ing was slower 
than for s igna ls  w i thout  sounds. However, incomplete o r i e n t i n g  react ions 
were greater for s igna ls  w i t h  sound. Since verbal i n s t r u c t i o n s  ( learn ing  
s t i m u l i )  re fe r red  only  t o  l i g h t  and no t  sound, the  author concludes t h a t  




the pattern o f  r e s u l t s  suggests t h a t  the learning process i s  under 
conscious (verbal)  cont ro l  under normal conditions. Under sleep depr ivat ion 
( w i t h  placebo), mean react ion t i m e  t o  s ignals  w i t h  sound was lower, fewer 
misses were recorded, and learn ing r a t e  was much fas te r  than f o r  p a i r s  
w i t hou t  sound. However, more fa1 se alarms occurred w i t h  s ignals  preceded by 
sound. Orient ing r e f  lexes were greater  f o r  s ignals  w i t h  sound. The 
authors i n t e r p r e t  these resu I t s  as suggest i ng t h a t  under sl eep depr i v a t  i on 
the importance o f  voluntary react ions decreases and thus the r o l e  o f  
i nvol untary (or i ent  i ng) responses increases i n t h e  I earn i ng process. 
Sydnocarb decreased a l  I o r  i en t  I ng r e f  I exes and v I r t u a  I l y  q u a  I i zed I earn 1 ng 
r a t e  and response t i m e  t o  both types o f  signals. The e f f e c t  o f  t h i s  
st imulant Is described as r e s t o r i n g  the  voluntary component o f  learn ing and 
supress ing the invol untary component. 
Figure 1: Flow cha r t  o f  automated programmable bimodal s ignal  generator 
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Figure 2: Reaction t i m e  t o  l i g h t  s ignals  Here and i n  remaining f i gu res  (A - w i th  sound; B - without sound). 1 - normal conditions; 2 - sleep 
depr ivat ion t placebo; 3 - sleep depr ivat ion + sydnocarb; 
from placebo condi t ion s ign i f i can t ,  P < 0.05 
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Figure 4. Number of incomplete responses. 
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Figure 6. Learning measure for  d i f fe rent ia l  response t o  l i g h t  signals 
(di f ference between reaction t ime t o  f i r s t  and l a s t  t r i a l s )  
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PAPERS: 
P462(11/87)* Pantev TP, Minkova M I  (Bulgaria) 
Direct and indirect effects of a constant magnetic field on biological 
subjects. 
Kosmicheskaya B io log i ya  i Aviakosmicheskaya Meditsina. 
[ l 8  references; 2 i n  Engl ish] 
20(6): 73-76; 1986. 
Growth, Survival;  Hematology, Leukocytes 
M i  crob i ol ogy, Bacter i a; Rats 
Radiobiology, X-rays, Gamma-radiation; Radioprotect ive Effects, Constant 
Magnetic Field, D i r e c t  and I n d i r e c t  E f fec ts  
Abstract: D i r e c t  e f fec ts  of a constant magnetic f i e l d  w i t h  i n t e n s i t y  o f  (2- 
31.105 A/m a t  37' on cu l tu res  o f  ,U B bac te r ia  were studied a f t e r  
1, 3,  4, 5, and 24 hours o f  exposure. In  another variant, t h e  c u l t u r e  was 
placed i n  a b ro th  which had been previously exposed t o  t h e  f i e l d  for  18, 
24, and 48 hours and then cu l tu red  without f u r t h e r  exposure. I n  t h e  next 
experiment, a bac te r ia l  suspension was exposed t o  t h e  f i e l d  for  24, 48 
and 72 hours a t  room temperature and then i r r a d i a t e d  I n  a dose ranging from 
50-600 Gy. A f te r  48 hours, t he  colony-forming capacity o f  the  c e l l s  was 
determined. I n d i r e c t  e f f e c t s  o f  magnetic f i e l d s  were studied i n  r a t s  using 
magnetical l y  ac t i va ted  water produced by passing tap  water through the  
f i e l d  described above. I n  t h e  f i r s t  r a t  experiment, animals were d iv ided 
i n t o  two groups, t h e  f i r s t  o f  which was given magnetical l y  ac t i va ted  water 
f o r  42 days w h i l e  t h e  other  drank ordinary water. Next, both groups were 
exposed t o  a s i n g l e  l e tha l  dose of X-rays (8.5 Gy), and were subsequently 
observed for m o r t a l i t y  over a 30-day period dur ing which both groups drank 
ord  i nary water. I n the  second r a t  exper i ment, an i mal s drank magnet i ca 1 1 y 
ac t i va ted  water for 90 days, then were subjected t o  gamma-irradiation a t  a 
dose r a t e  of 0.01 Gy/hr (0.23 Gy/day) fo r  52 days. Before and a f t e r  
I r r a d  i a t  i on, t h e  exper i menters measured body weight, osmot i c res  I stance of 
erythrocytes, and concentrat ion of nuc le ic  acids i n  leukocytes of 
per iphera l  blood. Experimental animals were compared t o  a cont ro l  group 
exposed t o  i r rad ia t i on ,  but  d r ink ing  tap water. 
The magnetic f i e l d  had no e f f e c t  on the growth c y c l e  of t h e  cu l ture.  
Cu l tu r i ng  ce l  I s  i n  a magnetical l y  processed n u t r i t i v e  medium increased the  
growth o f  t he  bacteria. 
s i g n i f i c a n t l y  a l t e red  c e l l  response t o  i r rad ia t ion .  C e l l s  exposed f o r  1 o r  
2 days showed i ncreased res  istance, whi 1 e ce l  I s exposed for 3 days 
increased i n  s e n s i t i v i t y .  Dr ink ing  magnetical l y  t rea ted  water for  42 days 
slowed weight gain, and increased longevity (however, a l l  r a t s  eventual ly 
died) a f t e r  a l e tha l  dose o f  rad iat ion.  I n  the  second experiment, animals 
d r i n k i n g  magnetical l y  t rea ted  water gained weight more slowly, bu t  showed 
no d i f fe rences  i n  leukocytes form animals d r i nk ing  ordinary water. F i f t y -  
two  days o f  low dose gamma i r r a d i a t i o n  caused con t ro l  animals t o  lose 
weight, w h i l e  animals d r i nk ing  magnetic water continued t o  gain. S t a r t i n g  
a t  t he  beginning of gamma i r r a d i a t i o n  and cont inu ing  t o  t h e  end of the  270- 
day observation period, experimental animals showed a grea ter  number o f  




leukocytes than control  counterparts. I n  addit ion, animals d r i nk ing  
magneticai l y  t reated water showed increased ery throcyte s t a b i  1 i ty .  Chronic 
i r r a d i a t i o n  caused the concentrat ion o f  nuc le i c  ac id  t o  drop i n  the  
leukocytes of both groups, b u t  t h i s  e f f e c t  was more pronounced i n  the 
experimental group. I t  i s  concluded t h a t  d i r e c t  and i n d i r e c t  exposure t o  a 
constant magnetic f i e l d  can decrease s e n s i t i v i t y  t o  i on i z ing  r a d i a t i o n  i n  
moderate and sub i etha I doses. 
Figure 1: M o r t a l i t y  o f  cont ro l  r a t s  and r a t s  d r i nk ing  magnet ical ly 
ac t i va ted  water a f t e r  ganma-irradiat ion 
Figure 2: E f fec t  o f  magnet ical ly t rea ted  water on body weight and t o t a l  
number o f  leukocytes i n  r a t s  before and a f t e r  long-term ganma-irradiat ion 
Figure 3: Change i n  osmotic resistance o f  erythrocytes and concentrat ion of 
nuc le ic  acid and leukocytes o f  normal animals and animals undergoing long- 
term i r r a d  i a t  i on 
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P470(11/87)* Minkova MI,  Pantev TP (Bulgaria). 
Radiosensitivity of intestinal bacilli after exposure to a constant 
magnetic field. 
Kosmicheskaya B io log i ya  i Aviakosmicheskaya Meditsina. 
20(6):  90-91; 1986. 
c9 references; 1 i n  Engl ish] 
Radiobiology, Radiat ion Tolerance, Surv iva l  
Microbiology; Gast ro in tes t ina l  System, E, B Bacter ia  
Ion i z ing  Radiation; Radioprotect ive Effects, Constant Magnetic F i e l d  
Abstract: fL GQU B were suspended i n  a sa l ine so lu t i on  and were placed 
between the  poles o f  a constant magnetic f i e l d  w i t h  f i e l d  s t rength of 
2.3010~ A/m f o r  24, 48, and 72 hours and then exposed t o  rad ia t i on  o f  50- 
600 Gy a t  a dose r a t e  o f  8.17 Gy/min from 6oCo. Survival r a t e  of  bac ter ia  
i n  agar a t  37OC was then evaluated over 48 hours. I n  another condition, 
colony-forming a c t i v i t y  o f  the c e l l s  was investigated 1, 3, 4, 5, and 24 
hours a f t e r  exposure of a bou i l l on  c u l t u r e  t o  t h e  constant magnetic f ie ld .  
I n  a t h i r d  condition, ce l  I s  were exposed t o  the  f i e l d  a f t e r  i r rad ia t i on .  
The authors s t a t e  t h a t  exposure t o  the  constant magnetic f i e l  d a f fec ted  the  
growth o f  the bac te r ia l  cel  Is, bu t  t h i s  i s  not evident from the graph. 
Exposure o f  t he  bac ter ia l  c e l l s  t o  t h e  f i e l d  f o r  24 and 48 hours 
s i g n i f i c a n t l y  increased t h e i r  rad ia t i on  to lerance f o r  both durations. 
However, exposure t o  t h e  magnetic f i e l d  for 72 hours decreased r a d i a t i o n  
to lerance sharply. Exposure t o  the constant magnetic f i e l d  a f t e r  gamma 
i r r a d i a t i o n  had no e f f e c t  on r a d i o  sens i t i v i t y .  The authors conclude t h a t  
under some conditions, a constant magnetic f i e l d  can have a rad iopro tec t ive  
e f f e c t  on bacteria. Magnitude and d i r e c t i o n  o f  the  e f f e c t  depend on length 
of exposure t o  the f i e l d .  The e f f e c t  decreases as durat ion o f  exposure t o  
the  f i e l d  increases, and exposure of s u f f i c i e n t l y  long durat ion increases 
rad ia t i on  s e n s i t i v i t y .  
F igure 1: E f f e c t  o f  a constant magnetic f i e l d  on reproduct ive capaci ty o f  
E, GQLL B bacter ia  
I 
I 
F igure 2: Changes i n  r a d i o s e n s i t i v i t y  i n  f, & B bacter ia  exposed t o  a 
constant magnetic f i e l d  f o r  24 and 48 hours before gamma i r r a d i a t i o n  
F igure 3: Changes i n  r a d i o s e n s i t i v i t y  o f  L & B bacter ia  exposed t o  a 
I constant magnetic f i e l d  f o r  72 hours before gmma- i r rad iat ion 
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P477(11/87)* Minkova M I ,  Pantev TP, Talash M, Batkay L (Bulgar ia) .  
Radioprotective effect of insoluble polyanion in prolonged exposure to gamma- 
irradiation. 
Kosmicheskaya B io log i ya  i Aviakosmicheskaya Meditsina. 
[4 references; none i n  Engl ish] 
20(6): 92-93; 1986. 
Hematology, Spleen, Bone Marrow 
Mice, Male 
Radiobiology, Gamma-radiation; Radioprotect ive Effects, Polyanion 
Abstract: In t h i s  experiment, male mice 
dose r a t e  of 0.74 R/min. t o  a t o t a l  o f  5 and 10 Gy. A s i n g l e  dose (4mg/kg) 
o f  polyanion (Hungarian patented drug) was in jec ted  in t raper i tonea l  l y  1 or 
3 hours a f t e r  i r rad ia t ion .  Three days af terwards animals were s a c r i f i c e d  
and weight, t o t a l  and s p e c i f i c  c e l l u l a r i t y  o f  the  spleen, number o f  
myelocaryocytes i n  the  femur, and t o t a l  number of leukocytes i n  per iphera l  
blood were measured. There were 10 r a t s  i n  each group, inc lud ing  a cont ro l  
rece iv ing  r a d i a t i o n  and no polyanion. Results of t h e  experiment a re  shown 
i n  the table. The authors conclude t h a t  polyanion has a rad iop ro tec t i ve  
e f f e c t  on the  spleen and bone marrow, decreasing the  ex ten t  of ea r l y  
rad ia t i on  damage of hemopoietic t issue. This  e f f e c t  occurred under a l l  t h e  
condi t ions bu t  was most pronounced when t h e  drug was administered 3 hours 
a f t e r  i r r a d  i a t  i on. 
were i r r a d i a t e d  using 137Cs a t  a 
Table: The e f f e c t  o f  inso lub le  polyanion on mice undergoing prolonged 
i r r a d i a t i o n  w i t h  gamma-rays from 137-cesium (0.74 Wmin., dose o f  5 and 10 Gy) 
Par meter Radiation dose, Gy 
5 
Control Polyanion (4  mg/kg) 
1 hour later 3 hours later 
Spleen weight, mg 61.40 61.75 112.18* 
Total cei  l u i a r f t y  of 92.48 65.82* 125.54* 
Spec i f i c  c e l l u l a r i t y  o f  1.31* 1.06" 1.31* 
spleen, 106 per organ 
spleen, 106 per 1 mg 
106 per femur 
Tota l  number myelocaryocytes, 9.12 6.50" 1 1  .oo* 
B I ood I eukocytes 53 00 57 00 3800* 
Paraneter Radiation dose, Gy 
10 
Control Polyanion (4  mg/kg) 
1 hour later 3 hours later 
Spleen weight, mg 46 .oo 38.66 42.66 
Tota l  cel I u l a r i t y  o f  38.37 50.37* 50.50* 
spleen, 106 per organ 
spleen, 106 per 1 mg 
106 per femur 
Spec i f i c  c e l l u l a r i t y  of 0.76" 0.92* 1 .lo* 
Tota l  number myelocaryocytes, 3.29 3.38 6.10* 
Blood leukocytes 1600 21 00" 1900 * presumably ind icates s t a t i s t i c a l  s ign i f i cance o f  dif ferences, but  authors 
do not  spec i fy  which d i f fe rences  o r  s ign i f i cance  level .  
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P484( 1 1/87)* Fedorenko BS, Kab i tsyna RA, K r  i v i  tskaya GN, Derevyas i n  V I, 
Ryzhov N I .  
[Study of the] Frequency of morphological changes i n  neurons in  the 
cerebral cortex of r a t s  exposed t o  accelerated carbon ions. 
Kosmicheskaya B io log i ya  i Aviakosmicheskaya Meditsina. 
[6 references; 2 i n  Engl ish]  
21(1): 51-55; 1987. 
Neurophysiology, Cerebral Neurons 
Rats, Female 
Radiobiology, HZE, Gamma Radiat ion 
Abstract: Experiments were performed on mature female Wistar r a t s  d iv ided 
i n t o  4 groups. The f i r s t  group was i r r a d i a t e d  w i t h  accelerated carbon ions 
(LET=120 MeVcm2/g) w i t h  f I LIX densi ty of l o 4  per 1 cm2. Group 2 r a t s  were 
i r r a d i a t e d  w i t h  gamma rays i n  a dose of 1 Gy w i t h  dose r a t e  o f  0.024 
Gy/sec) and then a day l a t e r  w i t h  a bundle of carbon ions; group 3 was 
i r r a d i a t e d  w i t h  the gamma rays alone; and group 4, the control ,  was 
untreated. A f t e r  1 or 3 months, t h e  subjects were sac r i f i ced  and cross- 
sect ions were obtained, f ixed, and stained for  h i s t o l o g i c a l  examination. 
Q u a n t i t a t i v e  analys is  was performed of  dest ruct ion i n  t h e  neurons o f  the 
cerebral  cortex. I n  each animal, 3000 neurons were examined and the number 
of unchanged neurons, neurons w i t h  read i 1 y revers i b I e (morphof unct i ona I and 
compensatory adaptive) changes, and those w i t h  dystrophic ( inc lud ing  
necrob io t i c  and necro t ic )  changes counted. I n  addi t ion,  a p r o f i l e  f i e l d  
[seems t o  mean average s ize]  o f  ce l  1 bodies and nuc le i  i n  the  V layer 
(Betz) ce l  Is was computed, along w i t h  the nucleus-cytoplasm r a t i o  and t h e  
g l  ioneuronal index. 
One and 3 months a f t e r  i r rad ia t ion ,  small s i t e s  of ce l  l u l a r  dest ruct ion 
were observed i n  layers I I  and I l l  of the cortex. There was an Increase i n  
the  number of contiguous neurons, c e l l s  wi th  large clumps o f  basophi l ic  
substance, and 2- and 3-nuclei ce l ls ,  p a r t i c u l a r l y  i n  animals i n  group 1. 
A f te r  1 month, more dystrophic changes were noted i n  animals i n  groups 1 
and 2 than i n  groups 3 (gamma-radiation alone) and 4 (control) .  A f t e r  3 
months number of dys t roph ica l l y  a l te red  neurons tended t o  decrease, but  
these changes were s t i  1 I more pronounced in  groups 1 and 2. A f t e r  1 month 
number of s l i g h t l y  a l te red  c e l l s  was greater i n  group 2 than i n  other  
groups; a f t e r  3 months, number o f  s l i g h t l y  a l t e red  c e l l s  was comparable t o  
cont ro l  i n  a l l  experimental groups. One month a f t e r  i r r a d i a t i o n  the  
p r o f i l e  f i e l d  of the body and nuc le i  o f  c e l l s  was h a l f  the s i z e  i n  animals 
i n  group 2 than i n  the  other groups. 
r a t i o  was lower than i n  the others, ind ica t ing  a ra the r  high level  o f  
funct ional  a c t i v i t y .  I n  group 3 animals the p r o f i l e  f i e l d  of t h e  c e l l  body 
increased wh i l e  t h a t  of the  nucleus decreased leading t o  an increase o f  t h e  
cytop I asm:nucl eus r a t i o  and suggest i ng decreased f unct i ona 1 act  i v i ty. 
A f t e r  3 months the value of t h i s  r a t i o  had dropped considerably i n  group 3 
bu t  was s t i l  I above the  other groups; group 1 animals showed the  lowest 
cytop1asm:nucleus ra t io .  A f te r  1 month the gl ioneuronal index was lower 
for groups 1 and 2 than for 3 and 4. Af ter  3 months, the  indices for groups 
1 and 4 were h i g h e r  than  f o r  2 and 3. 
These r e s u l t s  a re  in terpreted as ind icat ing t h a t  e f fec ts  o f  accelerated 
carbon ions on neurons are more pronounced than e f f e c t s  o f  gmma-radiation. 
I n  t h i s  group t h e  cytop1asm:nucleus 
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Figure 2. Number of dystrophic changes in neurons of the cerebral cortex of 
rats 1 (a) and 3 (b) months after irradiation. 1 -- control animals; 2 -- 
gamma-irradiation 1.0 Gy; 3 -- carbon ions lo4 particles per 1 cm2; 4 -- 
gamma irradiation and carbon ions. 
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